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FUNCTIONAL INDEX 

Part Number 

Description 

High Speed Microprogrammable Registered ALUs 

Am2901B 

4-Bit Slice, 16 Registers 

Am2901C 

Higher Speed 4-bit Slice, 16 Registers 

Am2903 

Expanded Function 4-Bit Slice, 16 Registers 

Am2903A 

Higher Speed Version of Am2903 

Am29203 

Enhancement of Am2903A, Including BCD Arithmetic 

Am29116 

16-Bit Microprocessor Optimized for High Speed Control 

Am29501 

Multiport, Pipelined Processor, 8-Bit Slice 

ALU Auxiiiary Circuits 

Am2902A 

Carry Lookahead 

Am2904 

Status and Shift Control Unit for 2901, 2903, 29203 

Register Fiie Extensions for ALUs 

Am29705 

16-Word by 4-Bit Two-Port Register File, for 2903 

Am29705A 

Higher Speed Version of 29705, for 2903A 

Am29707 

16-Word by 4-Bit Two-Port Register File, for 29203 

Muitipiiers 

Am29510 

16x16 Parallel Multiplier, with Accumulator 

Am29L510 

16x16 Parallel Multiplier, with Accumulator 

Am29510A 

Higher Speed Version of Am29510 

Am29516 

16x16 Parallel Multiplier 

Am29516A 

Fastest Version of Am29516 

Am29L516 

Low-Power Version of Am29518, < 100ns 

Am29517 

16x16 Parallel Multiplier with Clock Enables 

Am29517A 

Fastest Version of Am29517 

Am29L517 

Low-Power Version of Am29517, < 100ns 

Am25LSl4A 

8-Bit Serial/Parallel Multiplier 

Am25S557 

8x8 Parallel Multiplier, with Latchable Outputs 

Am25S558 

8x8 Parallel Multiplier 

Microprogram Sequencers 

Am2909A 

4-Bit Sequencer Slice 

Am2910 

12-Bit Single-Chip Sequencer for up to 4K Microwords 

Am2910A 

Fastest (IMOX) Version of Am2910, Plus Deeper Stack 

Am2911A 

4-Bit Sequencer Slice, Compact Version of Am2909A 

Am2930 

4-Bit Program Control Slice 

Am2932 

4-Bit Program Control Slice, Compact Version of 2930 

Am29112 

Interruptible Sequencer, 31-Deep Stack, 8-Bit Slice 

Am29803A 

16-Way Branch Control Unit, for 2909A and 2911A 

Am29811A 

Next Address Control Unit, for 2909A and 2911A 

Micrqprogrammabie Controiier 

Am29PL141 

Fuse Programmable Controller 

Ciocks 

Am2925 

Single-Chip Clock, Microprogrammable Cycle Lengths 




1-5 


Refer to Page 13-1 for Essential Information on Military Devices 

















Part Number 

Description 

Interrupt Control 

Am2914 

Vectored Priority Interrupt Controller, Expandable 

Am2913 

Priority Interrupt Expander 

Direct Memory Access 

Am2940 

8-Bit DMA Slice, Microprogrammable . 

Am2942 

8-Bit DMA Slice, Compact Version of Am2940 

I/O Ports 

Am2950 

8-Bit Bidirectional I/O Port with Handshake ^ 

Am2950A 

High Speed (IMOX) Version of Am2950 

Am2951 

8-Bit Bidirectional I/O Port with Handshake, Inverting 

Am2951A 

High Speed (IMOX) Version of Am2951 

Ai1n2952 

8-Bit Bidirectional I/O Port, 24-Pin Slim Package 

Am2952A 

High Speed (IMOX) Version of Am2952 

Am2953 

8-Bit Bidirectional I/O Port, 24-Pin Slim, Inverting 

Am2953A 

High Speed (IMOX) Version of Am2953 

Am29118 

8-Bit Bidirectional I/O Port, for 29116 

Dynamic Memory Support Circuits 

Am2960 

Error Detection and Correction Unit, 16 Bits, Expandable 

Am2960A 

Fastest (IMOX) Version of Am2960 

Am2961 

Multiple Bus Buffer for Am2960, Inverting 

Am2961A 

Error Detection and Correction Unit, 16 

Arh2962 

Multiple Bus Buffer for Am2960, Noninverting 

Am2962A 

Bits, Cascadable 

Am2964B 

Dynamic Memory Controller, 64K DRAMs, up to 256K Words 

Am2964C 

Dynamic Memory Controller, 64K DRAMS up to 256K Words 

Am2965 

Octal Dynamic Memory Drivers, Three-State, Inverting 

Am2966 

Octal Dynamic Memory Drivers, Three-State, Noninverting 

Am2968 

Dynamic Memory Controller, 256K DRAMs, up to 1 Megaword 

Am2969 

Memory System Timing Controller 

Am2970 

Memory System Timing Controller : 

Am8163 

Timing, Refresh, and EDC Controller for MOS MPUs 

Am8167 

Timing, Refresh, and EDC Controller for MOS MPUs 

Array Processing and Digital Signal Processing 

Am29501 

Multiport, Pipelined Processor, 8-Bit Slice 

Am29520 

Multilevel Pipeline Registers, 8-Bit 

Am29521 

Multilevel Pipeline Registers, 8-Bit 

Am29526 

Sine Generator-MSB 

Am29527 

Sine Generator-LSB 

Am29528 

Cosine Generator-MSB 

Am29529 

Cosine Generator-LSB 

Am29540 

FFT Address Sequencer 
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Part Number 

Description 

Diagnostics 

Am2960 

Error Detection and Correction Unit, 16 Bits, Expandable 

Am2960A 

Fastest (IMOX) Version of Am2960 

Am29818 

Diagnostics Register, 8 Bits 

Pipeline Registers 

Am29818 

Diagnostics Register, 8 Bits 

Am29520 

Multilevel Pipeline Register, 8 Bits 

Am29521 

Multilevel Pipeline Register, 8 Bits 

MSI Logic 

Am2921 

One-of-Eight Decoder, Three-State, Polarity Control 

Am2922 

8-Input Multiplexer with Control Register 

Am2923 

8-Input Multiplexer 

Am2924 

Three-to-Eight Decoder/Demultiplexer 

Am29806 

6-Bit Comparator 

Am29809 

9-Bit Comparator 

Am25S05 

Four-Bit by Two-bit Two's Complement Multiplier 

Am25S07 

Hex/Quad Parallel D Registers with Register Enable 

Am25S08 

Hex/Quad Parallel D Registers with Register Enable 

Am25S09 

Quad Two-Input, High-Speed Register 

Am25S10 

4-Bit Shifter, Three-State Outputs 

Am25Sl8 

Quad D Register with Standard and Three-State Outputs 

Am25LS07 

Hex/Quad Parallel D Registers with Register Enable 

Am25LS08 

Hex/Quad Parallel D Registers with Register Enable 

Am25LS09 

Quad Two-Input, High-Speed Register 

Am25LS14A 

8-Bit Serial/Parallel Multiplier 

Am25LS15 

4-Bit Serial/Parallel Adder/Subtractor 

Am25LS22 

8-Bit Serial/Parallel Register, Sign-Extend 

Am25LS23 

8-Bit Shift Register, Synchronous Clear 

Am25LS2513 

Eight-to-Three Line Priority Encoder, Three-State 

Am25LS2517 

4-Bit ALU/Function Generator 

AM25LS2518 

Quad D Register with Standard and Three-State Outputs 

Am25LS2519 

Quad Register with Two Independently Controlled Three-State Outputs 

Am25LS2520 

Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 

Am25LS252l 

8-Bit Comparator 

Am25LS2521A 

Fastest (IMOX) Version of 25LS2521 

Am25LS2535 

8-Input Multiplexer with Control Register 

Am25LS2536 

8-Bit Decoder with Control Storage 

Am25LS2537 

One-of-Ten Decoder, Three-State 

Am25LS2538 

One-of-Eight Decoder with Three-State Outputs and Polarity Control 

Am25LS2539 

Dual 1-of-4 Decoder, Three-State 

Am25LS2548 

Chip Select Address Decoder 

Am25LS2568 

BCD Decode Up/Down Counter, Three-State 

Am25LS2569 

4-Bit Up/Down Counter, Three-State ’ 
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Part Number 

Description 

Data Communications and Networking 

Am26LS27 

Dual Party-Line Transceivers, Serial 

Am26LS28 

Dual Party-Line Transceivers, Parallel 

Am26LS29 

Quad Driver RS423, Three-State 

Am26LS30 

Quad Driver RS422/423 

Am26LS31 

Quad Driver RS422, High-Speed 

Am26LS32 

Quad Differential Line Receivers 

Am26LS32B 

Quad Differential Line Receiver RS422/423 

Am26LS33 

Quad Differential Line Receiver, High Common Mode 

Am26LS38 

Quad Differential Backplane Transceiver 

Am7960 

Coded Data Transceiver 

Am7990 

Local Area Network Controller for Ethernet 

Am7991 

Serial Interface Adapter 


Description 

4 Bits 

8 Bits 

9 Bits 

10 Bits 

Bus Drivers 

2912 

2958 

2959 

2965 

2966 


29827 

29828 

Bus Transceivers (Bidirectional) 

2926 

2929 

26510 

26511 
26S12A 

2946 

2947 

2948 

2949 

29833 

29834 

29863 

29864 

29853 

29854 

29861 

29862 

Registered Bus Drivers and Latched Receivers 

2905 

2906 

2907 

2908 

2915A 

2916A 

2917A 

2927 

2928 




Latches 


2956 

2957 

29845 

29846 

29843 

29844 

29841 

29842 

Registers 

2918 
29LS18 

2919 

2920 

2954 

2955 

29825 

29826 

8120 

29823 

29824 

29821 

29822 

Multilevel Pipeline Register 


29520 

29521 



Diagnostics Register 


29618 



Bidirectional, Double-Registered Bus Transceivers 


2950/A 

2951/A 
2952/A 
2953/A 
29118 
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Bipolar Technologies 


Advanced Micro. Devices emphasizes Research and Devel¬ 
opment expenditures for developing the most advanced 
technologies for Bipolar processing, circuit design, and 
Very Large Scale Integration (VLSI). 

Today, Advanced Micro Devices’ bipolar products combine 
ECL-internal circuitry, the super high performance IMOX^''^ 
process, and VLSI integration to offer the system designer 
the most compact high performance integrated circuits. 
This, plus AMD's systems solution approach to design 
problems, makes the Am2900 Family the best choice for 
fastest applications. 

IMOX 

First introduced in 1980, IMOX is the name of Advanced 
Micro Devices’ proprietary bipolar process. IMOX Is an 
acronym which means: 1) lon-IMplantation of dopants for 
tighter parameter control and lower power consumption; 
and, 2) OXide-isolation of transistor structures which results 
in faster transistor switching and tighter packing. Older, LS- 
type processes used diffused isolation for isolating transis¬ 
tor structures; this had the disadvantage of a large die area 
and high parasitic capacitance. 

AMD is also applying IMOX to bring out higher-speed 
versions of earlier Am2900 devices. Figure 1 shows the 
evolution of the Am29pi Four-bit Microprocessor Slice. 
First introduced iri 1975, the Am2901 has been repeatedly 
redesigned and is now available in the IMOX Am2901C 
version, which is less than half the size and more than twice 
the speed of the original Am2901 — and costs less. The 
current generation IMOX process has an 8 micron pitch 
(pitch equals the total of the “width of metal lines plus the 
spacings between metal lines). In 1983, AMD brought into 


full scale production a completely new Fabrication Facility 
in San Antonio, Texas which will feature the state-of-the-art 
in process and masking equiprrient, and allow products 
which feature the IMOX process but with a pitch of only 4 
microns, by late 1983. This version of IMOX is termed 
IMOX-S2. The 50% reduction in metal pitch will dramatical¬ 
ly increase the level of integration of new products and also 
provides > 30% increase in device speed. 

ECL-INTERNAL CIRCUITRY 

All Am2900 devices today are TTL-compatible on inputs 
and outputs and use standard + 5V and ground for supply 
voltages. TTL is a good interface standard for systems 
design today, but TTL gates are slow, and ECL gates are 
much faster. To offer TTL-compatibility but near-ECL 
speeds to our customers, AMD has adopted a circuit design 
approach which features all ECL-circuitry for the internal 
circuitry of all LSI and VLSI devices (see Figure 2). 

This approach, ECL-internal circuitry, provides near-ECL 
speeds to TTL-l/0 designers. Of course the ECL gate 
structures inside the device are completely transparent to 
system designers because of the 100-% adherence to TTL 
standards for I/O specs. Also, these chips only require 
+ 5V and ground because internal gates are not the same 
type of ECL gates as those used with 10K or 100K logic. 
The final point to note is that ECL has a reputation for being 
very power intensive. While the Am2900 Family are not low- 
power devices, they do significantly reduce the total power 
usage in a high performance systems design because of 
the large number of SSI/MSI devices they replace. These 
ECL gates are not run at the very high power levels of 
traditional ECL circuits. 


Figure 1. Bipolar Speed/Density Improvements 
Am2901 FOUR-BIT MICROPROCESSOR SLICE 
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Using internal ECL with TTL-l/O does involve paying a 
translation speed penalty at the inputs and outputs of the 
device, but because these devices ane LSI and VLSI with 
many levels of internal gating between input and output, the 
translation penalty is more than compensated for by the extra 
performance gained by the multiple layers of high speed EGL 
gates. Figure 3 shows an approximate comparison of the 
IMOX- with-internal-ECL approach to other process/circuit 
offerings available to designers utilizing high speed TTL 
compatible ICs. IMOX offers an excellent combination of high 
speed and relatively low power. The speed comes not only 
from the IMOX process but also from the use of ECL gates for 
internal circuitry. The FAST and AS/ALS Families are populat¬ 
ed primarily with MSI devices where ECL-internal gating is not 
feasible due to the few layers of internal gating relative to the 
TTL/ECL translation delay penalty. Note also that Am2900/ 


IMOX devices use an order of magnitude less power per gate 
than traditional EGL 10K and 100K devices. 

BIPOLAR VLSI 

Advanced Micro Devices is the leader in high integration, high 
performance integrated circuits. Our largest device to date, 
the Am29116, is a 2500-gate device measuring 68,000 square 
mils in area, and currently in development are devices of four 
times that complexity using our new IMOX-S2 process. AMD's 
emphasis on Very Large Scale Integration bipolar is best 
illustrated in Figure 4 below. 

Figure 4 demonstrates AMD's commitment and leadership in 
large scale integration bipolar since the introduction of the 
original Am2901 in 1975. Another graphic demonstration of 
the growing complexity of our devices is the relative die sizes 
of successively complex arithmetic processors, as shown in 
Figure 5. 


Figure 2. Am2900 Circuit Design for 
Maximum Speed 


Figure 3. 
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Figure 4. Am2900 Bipolar LSI/VLSI 


Figure 5. 
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DESIGNER'S GUIDE TO HIGH PERFORMANCE 
LOW-POWER SCHOTTKY LOGIC 


By David A. Laws and Roy J. Levy. 


INTRODUCTION 

Advanced Micro Devices is a leading supplier of low-power 
Schottky MSI and LSI devices. Two basic families of 
product are offered; 

Am54/74LS Series 

• Typical tpd 10ns/gate at 2mW 

• Typical Register fmax = 40MHz 

Pin for pin and electrical alternate source devices to the 
standard performance LS logic family. 

Am25LS Series 

• Typical tpd 5ns/gate at 2mW 

• Typical Register fmax = 65MHz 

Advanced Micro Devices' proprietary high performance 
LS logic family. This includes both original designs and 
enhanced specification versions of the Am54/74LS 
devices. Improvements include twice the fan-out over 
the military temperature range, higher noise margin and 
faster switching speeds. 

THE SCHOTTKY DIODE STRUCTURE 


INPUT 







OUTPUT 

A 

y 

t - 

-^ 1 


—/ 

^ _ 


WF003140 


Parameters 

Determining Factors 

Td 

R, C 

T, 

|3, Cob, Base Drive, Signal Ampli- 


tude 

Ts 

Storage Time Constant of a Satu¬ 


rated Transistor 

T, 

Cob, Signal Amplitude 


Figure 1. Major Causes of Propagation Delay. 


The major components of switching delays In digital inte¬ 
grated circuits are listed in Figure 1. One of the most 
significant of these is the storage time constant of a 
transistor driven into saturation Ts. Older TTL circuits 
minimized this parameter with process technique known as 
gold doping. This increased the rate of recombination of 
charge stored in the base region. 

The desired result of improved speed was achieved. 
Unfortunately it also reduced available design /3 at low 
temperatures and was marginally effective when hot. This 
resulted in lowered performance over the full military 
temperature range. 

The development of the Schottky diode provides a more 
effective solution. A feature of the Schottky diode is its 
lower forward voltage at a given current level compared to 
a diffused (P-N) diode of the same area, Figure 2. Connect¬ 
ing a Schottky diode between the base and collector of a 
transistor, Figure 3, will shunt excess base current drive 
from the base to the collector, once the collector drops to a 
low enough voltage to forward bias the Schottky. This 
prevents the build up of stored charge and eliminates the 
Ts component of the delay. 

A Schottky diode is formed at a rrietal to semiconductor 
junction when the semiconductor doping is at the level 
normally found in the collector region of TTL devices. A 
Schottky-clamped transistor is constructed by extending the 
metal contact for the base region over the collector as shown 
in Figure 4. The same metallization structure forms a simple 
ohmic contact at the base, collector and emitter contact 
window because of the higher doping levels in the silicon at 
these locations. 



0 0.2 0.4 0.6 0.8 

DIODE FORWARD VOLTAGE 
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Figure 2. Comparison of Vp for Schotty and 
Diffused Diodes. 
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Figure 3. Schottky Clamped Transistor and 
its Convential Circuit Symbol 
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The selection of the forward voltage drop across the Schottky 
diode, Vsbd, is a compromise between a high value to insure a 
minimum Vql but low enough to prevent charge storage in the 
base. Platinum silicide Schottky diodes provide this optimum 
voltage drop. Platinum is deposited and platinum-silicide is 
formed by sintering and annealing. As aluminum has a high/ 
affinity for silicon, in order to prevent the aluminum intercon¬ 
nect metallization from diffusing through the platinum material, 
with resulting lower Vsbd. a barrier of tungsten-titanium is 
evaporated after the platinum and before the aluminum 
metallization. This structure has been extensively evaluated 
and proven to have excellent reliability characteristics. It is 
now widely employed in the manufacture of Schottky devices. 
Reliability data is available from Advanced Micro Devices on 
request. 

CHARACTERISTICS OF SCHOTTKY DEVICES 

The primary reason for the development of Schottky devices 
was to improve AC (switching) performance and the first 
integrated circuits to employ this technique offered propaga¬ 
tion delays as fast as 3ns. However, their fast rise and fall 
times and high power requirements have restricted their 
application to highest performance systems. It was realized 
that the technique could be used to decrease the charging 
current required to achieve the 10ns speed specification of 
older TTL gates. This insures considerably lower operating 
power requirements. The resulting family of devices are known 
as Low-Power Schottky (LS) circuits. 

2. D.C. Circuit Characteristics 

CIRCUIT CONFIGURATIONS 

The basic circuit design configuration of a Low-Power 
Schottky gate is similar to that of the original standard TTL 
elements. However, certain refinements have been made to 
optimize device performance when fabricated with the LS 
process. 

In order to analyze the circuit configuration, Table 1 shows 
terms used in describing Advanced Micro Devices' LS circuits: 


TABLET 

D.C. CIRCUIT PARAMETER DEFINITIONS 

l,L The current out of an input at a specified LOW 
voltage. 

I,H The current into an input at a specified HIGH 
voltage. 

Iql The current into an output when In the LOW 
state. 

loH The current out of an output when in the HIGH 
state (pull-up circuit only), 

Isc The current out of an output in the HIGH state 
when shorted to ground. (Also called Iqs) 

Vcc The range of supply voltage over which the 
device is guaranteed to operate. 

V,L The guaranteed maximum input voltage that 
will be recognized by the device as a logic 
LOW. 

V|H The guaranteed minimum input voltage that will 
be recognized by the device as a logic HIGH. 

VoL The maximum guaranteed logic LOW voltage at 
the output terminal while sinking the specified 
load current Iql- 

Vqh The minimum guaranteed logic HIGH voltage at 
the output terminal when sourcing the specified 
source current Iqh- 

•ozH Three-state off-state output current, high level 
voltage applied. 

•ozL Three-state off-state output current, low-level 
voltage applied. 



Both the input and output structures of the LS devices 
themselves have evolved through a number of configurations 
as designers have attempted to optimize circuit performance. 

Depending on the function of the device any one of four 
commonly used inputs may be employed. The significant 
characteristics of each of these configurations are summa¬ 
rized in Figure 5. 


The first LS designs used the familiar multi-emitter TTL input 
of Figure 5a. However because of low breakdown voltage and 
slow speed it is now used only where the geometry offers a 
significant advantage in circuit mask layout. 

The second and still most widely used structure is the simple 
DTL style input of Figure 5b. This is the fastest version and it 
has good input breakdown voltage. In output functions having 
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only a single gate delay between input and output, such as a 
three-state enable input, the low threshold of the DTL configu¬ 
ration causes the output node to be at a sufficiently low 
voltage to risk leakage problems at high temperature. The 
input of Figure 5c raises the threshold by one diode to 
overcome this problem (Figure 6). However because it is 


slower and uses more silicon area, its use is limited to special 
situations. A PNP input. Figure 5d, insures low d.c. loading for 
devices with common input/output pins such as the 
Am25LS23. However it is slow and has low breakdown 
voltage, comparable to the multi-emitter TTL structure. 





c) High Threshold 
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Figure 5. Low-Power Schottky input Configurations. 
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Figure 6. LS Input Characteristics for DTL and High Threshold Inputs. 


2-5 


Refer to Page 13-1 for Essential Information on Military Devices 


DESIGNER'S GUIDE TO HIGH 
PERFORMANCE LOW-POWER SCHOTTKY LOGIC 





.DESKSINER’S GUIDE TO HIGH 
PERFORMANCE LOW-POWER SCHOTTKY LOGIC 


Figure 7 compares the early LS output configuration with the 
design most frequently used today. The change was made to 
provide clamping of positive ringing and to allow the higher Igc 
currents now specified (see section 3). The typical Vqh versus 
Iqh curves of Figure 8 are similar for both versions. 


This example displays an Isc of approximately 35mA. Note that 
both of these designs include the "squaring" network (R 3 ,R 4 
and Qs) at the base of the output pulldown transistor, Q 4 , 
which was not included on standard TTL families. The result of 
this is a sharp transition of Vqut with V|n shown jn Figure 9 for 
a simple gate function. 




IC000650 


ICOOO66O 


Figure 7. Low-Power Schottky Output Configurations. 
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Figure 8. Typical Vqh for Low-Power Schottky. 



V|M - INPUT VOLTAGE 
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Figure 9. Typical Output Versus Input 
Voltage Characteristic. 


The typical Vql versus Iql output characteristics of LS devices 
are shown in Figure 10. Most 74LS functions are specified at 
Vql = 0-4V at Iql = 4mA and 0.5V at 8 mA. Am25LS are 
specified at 0.45V for Iql = 8 rnA. Some newer designs are 
being guaranteed at Iql of 12mA and 24mA. This curve 
indicates that lack of (3 at low temperature will not permit 
existing designs to be guaranteed to these higher values 
without severe yield loss. 



Vql (VOLTS) 
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Figure 10. Typical LS Vql Versus Iql 
C haracteristics. 
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INPUT/OUTPUT LEVELS 

Table 2 shows the guaranteed D.C. parameters of the 
Am54LS/74LS and second generation Am25LS families. Input 
current requirements (I|h, Iil) and therefore output drive needs 
(•oh. W) sre significantly reduced over older TTL. 

A one unit load input current at logic HIGH, I,h, for Am54LS/ 
74LS is 20pA, compared with 40/[xA for Am54/74 standard 
TTL. Similarly at logic LOW, Iil is reduced to -0.36mA from 
-1.6mA. 

Corresponding reductions in the output drive requirements are 
loL = 4mA vs. 16mA at Vql = 0.4V and Ioh = -400/uA com¬ 
pared to 800juA. 

FAN-OUT CAPABILITY 

The fan-out capability of a logic family indicates the number of 
inputs which can be driven by a single output. It is defined as 
the maximum output drive current divided by the input current 
available. 

Logic HIGH Fan-out = Ioh/'ih 
L ogic LOW fan-out = •ol/IiL 

Table 3 shows the fan-out capabilities of typical functions from 
the three families. The lower current operating levels of LS 
devices allow them to be specified at a logic LOW fan-out over 
the commercial range of more than twice that of standard TTL 
(22 vs. 10). The Am25LS family allows this advantage to be 
extended to the military range. 

D.C. NOISE MARGIN 

The D.C. noise margins of digital system are defined from 
Figure 11 as follows: 

Logic HIGH Noise Margin = Vqhi - V|H 2 
Logic LOW Noise Margin = V|L 2 - Vyon 


TABLE 2 

COMPARISON OF TTL DC PARAMETERS 


Parameters 

54LS/74LS LOW-POWER SCHOTTKY 

25LS LOW-POWER SCHOTTKY 

Units 

Conditions 

Min 

Typ 

Max 

Conditions 

Min 

Typ 

Max 

VoL 

Iql = 4.0mA 



0.4 

•oL = 4.0mA 



0.4 

V 

loL = 8.0mA (COM'L Only) 



0.5 

loL = 8.0mA (MIL, COM'L) 



0.45 

VoH 

loH = -400/LtA 

MIL 

2.5 

3.4 


•oh = -440juA 

MIL 

2.5 

3.4 


V 

COM’L 

2.7 

3.4 


COM’L 

2.7 

3.4 



Logic LOW 

MIL 



0.7 

Logic LOW 

MIL 



0.7 

V 

COM'L 



0.8 

COM’L 



0.8 

V,H 

Logic HIGH 

2.0 



Logic HIGH 

2.0 



V 

•iL 

V,n = 0.4V 



-0.36 

V,^, = 0.4V 



-0.36 

mA 

•iH 

V|N = 2.7V 



20 

V,N = 2.7V 



20 

iuA 


Parameter 

54S/74S AND 25S SCHOTTKY TTL 

STANDARD TTL 

Units 

Condition 

Min 

Typ 

Max 

Condition 

Min 

Typ 

Max 

Vql 

Iql = 20mA 


0.3 

0.5 

Iql = 18mA 


0.2 

0.4 

Volts 

I 

o 

> 

Iqh = -1.0mA 

MIL 

2.5 

3.4 


Ioh = -300^A 

2.4 

. 

3.4 


Volts 

COM'L 

2.7 

3.4 

V,L 

Logic LOW 



0.8 

Logic LOW 



0.8 

Volts 

V,H 

Logic HIGH 

2.0 



Logic HIGH 

2.0 



Volts 

•iL 

V,N = 0.5V 



-2.0 

V,N = 0.4V 

-'— 


-1.6 

mA 

•iH 

V,N = 2.7V 



50 

V,N = 2.4V 



40 



These parameters for LS devices are shown in Table 2. LS 
has a minimum logic HIGH output voltage of Vqh = 2.5V for 
military and 2.7V fon the commercial temperature range. For 
standard TTL, Vqh is 2.4V. V|h is 2.0V for both families. 
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Figure 11. Input/Output Voltage Interface 
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Table 3 compares the guaranteed noise margin values for the 
standard TTL and LS devices. LS devices offer improved 
margin over standard TTL in the logic HIGH state, which is the 
most critical with regard to noise generation. At a similar fan¬ 
out, 10 for standard TTL and 11 for LS, noise margins in the 
LOW state are the same over the commercial range. 

Military LS devices have a lOOmV lower noise margin in the 
LOW state than standard TTL. In most systems, this does not 
present a problem as the lower power supply currents being 
switched with LS generally result in lower system noise 
generation. 

The logic levels guaranteed over the operating temperature 
ranges are of course worst case. Figures 12 and 13 show the 
typical values to be considerably better than these. 


Am25LS D.C. FEATURES 

The D.C. advantages offered by second generation Am25LS 

over 54/74LS devices can be seen from Table 3 as: 

1.ln the logic LOW state at a fan-out of 22 (8mA), Am25LS has 
50mV greater noise margin (350mV vs. 300mV). 

2. Am25LS products are guaranteed at a fan-out of 22 (8mA) 
over the military range. Am54LS is specified at fan-out of 10 
(4mA) only. 

3. Am25LS offers a symmetrical fan-out of 22 in both logic 
HIGH and logic LOW states, allowing full use of the logic 
LOW drive capability. 


TABLE 3 

FAN-OUT AND NOISE MARGIN COMPARISON OF TTL AND LS FAMILIES, 
a) LOGIC 'HIGH ' STATE 


FAMILY 

INPUT 

CURRENT 

l|H 

OUTPUT 

CURRENT 

Iqh 

FAN-OUT 

NOISE MARGIN 

MILITARY 

COMMERCIAL 

MILITARY 

COMMERCIAL 

54/74 

40mA 

-BOOfxA 

20 

20 

400mV 

400mV 

54LS/74LS 

ZOfiA 

-AOOfiA 

20 

20 

500mV 

700mV 

25LS 

20juA 

-440pA 

22 

22 

500mV 

700mV 


b) LOGIC "LOW " STATE 


FAMILY 

INPUT 

CURRENT 

l|L 

OUTPUT 

CURRENT 

Iql 

FAN-OUT 

NOISE MARGIN 

MILITARY 

COMMERCIAL 

MILITARY 

COMMERCIAL 

54/74 

-1.6mA 

16mA 

10 

10 

400mV 

400mV 

54LS/74LS 

-0.36mA 

4mA 


11 

300mV 

400mV 


8mA 

No Spec. 

22 

No Spec. 

300mV 

25LS 

_■ 1 

-0.36mA 

4mA 

11 

11 

300mV 

400mV 


8mA 

22 

22 

250mV 

• 350mV 


TRANSITiON 

REGION 




Figure 12. LS Logic "O" Noise Margin. 


Figure 13. LS Logic "1" Noise Margin. 
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3. Switching Characteristics 
INTRODUCTION 

Many Low-Power Schottky functions have been designed 
specifically to replace standard TTL elements in existing 
system designs. Their A.C. performance characteristics usual¬ 
ly meet or exceed the limits of the earlier devices. The 
switching terms which are used on data sheets to describe the 
A.C. performance of these designs are summarized in Table 4. 
The more important parameters are discussed in detail in this 
section. 

TABLE 4. 

DEFINITION OF SWITCHING TERMS 

(All switching times are measured at the 1.3V logic 
level unless otherwise noted.) 

^MAx The highest operating clock frequency. 

tpLH The propagation delay time from an input 
change to an output LOW-to-HIGH transition. 

tpHL The propagation delay time from an input 
change to an output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and 
trailing edges of a pulse, measured at the 50% 
points. 

tr Rise time. The time required for a signal to 
> change from 10% to 90% of its measured 

values. 

tf Fall time. The time required for a signal to 
change from 90% to 10% of its measured 
values. 

tg Set-up time. The time interval for which a signal 
must be applied and maintained at one input 
terminal before an active transition occurs at 
another input terminal. 

th Hold time. The time interval for which a signal 
must be retained at one input after an active 
transition occurs at another input terminal. 

tnz HIGH to disable. The delay time from a control 

also input change to the three-state output HIGH- 

tpHz level to high-impedance transition (measured at 
0.5V change). 

Ilz low to disable. The delay time from a control 

also input change to the three-state output LOW- 

tpLz level to high-impedance transition (measured at 
0.5V change). 

tzH Enable HIGH. The delay time from a control 
also input change to the three-state output high- 
tpzH impedance to HIGH-level transition. 

tzL Enable LOW. The delay time from a control 

also input change to the three-state output high- 
tpzL impedance to LOW-level transition. 

PROPAGATION DELAYS 

The standard designations for delays through combinatorial 
logic networks are tpHL and tpLH- A delay from an input change 
to an output going LOW is called tpHL, while tpLH is the delay 
from an input change to an output going HIGH. 

Figure 14 shows a typical waveform with the output changing 
during the interval indicated by the diagonal, sloping line. Note 
that all switching times shown are measured at the 1.3 volt 
logic level. 
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Figure 14. Propagation Delay. 

Typical values for a single gate propagation delay tpHL in Low- 
Power Schottky functions are S'-IOns into a 15pF load. Higher 
performance LS families such as Am25LS, exhibit delays in 
the 4 - 6ns range. These propagation delays will increase by 2 
- 4ns at an output loading of 50pF or approximately 0.1ns per 
pF. 

EDGE RATES 

The rise and fall times of Low-Power Schottky devices are 
similar to those of standard TTL. Into a 50pF load fall time, tf, 
is typically 6-8ns, while rise time, tp is in the 9-12ns range. 
A.C. parameters are measured at tf < 6ns and t^ < 15ns. 

As with standard TTL, careful P.C. board layout rules should 
be employed to avoid problems which can occur at these 
relatively fast edge rates. In particular, precautions should be 
taken to insure that transmission line effects do not cause 
false switching or ringing and oscillation problems on lines 
longer than 18 inches. See Section 4 for more information. 

SEQUENTIAL DEVICES 

Set-up time, tg, hold time, t^, are the most important parame¬ 
ters for specifying sequential elements such as latches, 
flipflops and registers. 

For these synchronous devices, inputs must be stable for a 
.certain period of time before the clock or enable pulse. This 
interval is the region in time during which devices are 
"sampling" their inputs. As an example, consider a latch with 
a D input and an active LOW clock. The latch will store the 
information present on its input just before the clock goes 
HIGH. The question is, how long does the input level have to 
be present and stable before the clock goes HIGH? A 
particular device will "sample" its input at some exact instant, 
but in a group of devices some are slower than others. The 
result is an interval of some time called set-up time during 
which all devices, fast or slow, will "sample" their inputs. 

All devices exhibit a hold time. That is a period of time after the 
clock or enable pulse transition during which the data cannot 
be changed without loss of input intelligence. This hold time 
occurs after the clock goes HIGH. Figure 15 shows the input 
requirements and definitions for data entry. 
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Notes: 1. Diagram shown for HIGH data 
only. Output transition may be 
opposite sense. ■ 

2. Cross hatched area is don’t 
care condition. 

Figure 15. Set-up and Hold Time Definitions. 
Wx 

A frequently misunderstood parameter on data sheets is 
maximum clock frequency f^Ax- This was defined by the early 
TTL manufacturers as the maximum toggle frequency which 
can be attained by the device under ideal conditions with no 
constraints on tp tf, pulse width, or duty cycle. Although f^^x 
specified cannot usually be attained in an operating system, it 
is a relatively easy parameter to test and provides a conve¬ 
nient measure of comparative performance between different 
devices. 

EFFECTS OF TEMPERATURE AND POWER 
SUPPLY VARIATIONS 

Standard TTL devices exhibit severe degradation in A.C. 
performance at the recommended limits of the operating 
temperature and power supply voltage ranges. 

At elevated temperature and/or high Vcc levels, charge 
storage begins to slow down A.C. response. At the other 
extreme, low temperature and/or low Vcc, the loss of i3 causes 
a similar problem. These combined effects can cause more 
than 50% degradation in performance over the full military 
temperature and power supply extremes. 

Low-Power Schottky technology reduces the impact of both of 
these effects on performance. /3 degradation at cold tempera¬ 
tures is far less severe and Schottky clamping largely elimi¬ 
nates the effects of charge storage at high temperature. 


TABLE 5. GUIDELINES FOR TYPICAL VARIATION 
OF A.C. PARAMETERS WITH COMBINED 
TEMPERATURE AND Vcc VARIATION 


Temperature Range 

Vcc 

Variation 
(Nominal 5V) 

AC Derating 
Factor 

Sys¬ 

tem 

Compo¬ 

nent 

COM’L, 

0°C to + 70°C 

None 

5% 

10% 

COM'L, 

0°C to +70X 

±0.25V 

15% 

30% 

MIL, 

-55°C to +125X 

None 

15% 

30% 

MIL, 

-55X to +125°C 

±0.5V 

25% 

50% 


The system’s designer would like a factor which will allow his 
system to meet specification with minimum design overkill. 
However, the component engineer often requires maximum 
delays to be guaranteed. For system design guidelines, the AC 
derating factors of Table 5 may be useful. 

It must be emphasized that the values of Table 5 are typical. 
However as it is unlikely that any given system will contain all 
worst case devices they will usually yield a fairly safe 
prediction of the system performance which can be achieved. 

Individual components will of course be slower than these 
typical liumbers. These must be reflected on procurement 
specifications. A general rule of thumb would be to double the 
system design guidelines of Table 5. Am25LS specifications 
are published with worst case parameters guaranteed over the 
operating power supply and temperature ranges, as well as at 
a realistic system load condition of 50pF. A typical example of 
this format is shown in Table 6. 

SHORT CIRCUIT OUTPUT CURRENT 

To improve performance, in 1975 Tl lowered the short-circuit 
current limiting resistor value. This increased the Isc (fos) range 
from -6 to -42mA up to -30 to -130mA. The overall delay 
when driving very large capacitive loads (>150pF) was 
reduced somewhat as a result. However, the inherent circuit 
performance still dominates in normal applications such that 
the Am25LS and other high performance families remain 
faster even when driving large capacitive loads. 
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TABLE 6 

Am25LS2513 THREE-STATE PRIORITY ENCODER 
A.C. SPECIFICATION FORMAT FOR Vcc AND TEMPERATURE 
EXTREMES AND 50pF LOAD CONDITION 


SWITCHING CHARACTERISTICS (Ta = +25^C. Vcc-5.0V) 


Parameters 


Description 


tPLH 

T 

tPHL 

Ij to An (in^puBso) 

tPLH 


tPHL 

ij to An (Out-phase) 

tpLH 

T- tn Pn 

tPHL 

Ij 10 CvJ 

tPLH 

Ei to EO 

tPHL 


tPLH 

B to An 

tPHL 


tZH 


tZL 

G-| or G2 to An 

tZH 

7 ^/- fn An 

tZL 

La 3 , 04, 05 10 rAn 

tHZ 


tLZ 

G"! or G2 to An 

tHZ 

75- 7 ^1- fn An 

tLZ 

o3f ^ 4 » ^5 


Test Conditions 


Cl= 15 pF 
Rl = 2.0 


Cl = 5.0pF ■ 
Rl = 2.0 kf2 


Min 

Typ 

Max 

Units 


17 

25 



17 

25 



11 

17 



12 

18 



7.0 

11 



24 

36 

ns 


11 

17 



23. 

34 

ns 


12 

18 



14 

21 

ns 


23 

40 



20 

37 



20 

30 



18 

27 



17 

27 



19 

28 



16 

24 



18 

27 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

tPLH _ 

tPHL 

tPLH 

tPHL _ 

tpLH _ 

tPHL 

tPLH _ 

tPHL _ 

tPLH _ 

tPHL _ 

tZH _ 

JZL_ 

tZH 

tZL _ 

tHZ 

JLZ_ 

tHZ 

tLZ 


Description 

ij to An (In-phase) 

ij to An (Out-phase) 


Test Conditions 


COMMERCIAL 
Am25LS 
Min I Max 


MILITARY 

Am25LS 


Cl = 50 pF 
Rl = 2.0 kn 


Gi or 02 to An 
G3, G4, G5 to An 


G-t or 02 to An 


Max 

Min 

Max 

31 


37 

30 


34 

22 


27 

22 


25 

15 


18 

48 


60 

19 


21 

46 


57 

22 


25 

27 


32 

42 


49 

43 


49 

36 


43 

35 


43 

34 


40 

34 


40 
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4. Design Guidelines 

POWER SUPPLY CONSIDERATIONS 

The recommended power supply voltage (Vcc) TTL 

circuits, including LS, is + 5V. Commercial temperature range 
devices, designated 74LS or in the case of Am25LS with the 
suffix C, are specified with a ±5% supply tolerance (±250mV) 
over the ambient range 0®C to 70°C. Military range parts, 
designated 54LS or in the case of Am25LS with the suffix M, 
are guaranteed with a ±10% supply tolerance (±500mV) over 
an ambient temperature range of -55°C to +125®C. The 
power supply should be well regulated with a ripple less than 
5% and with regulation better than 5%. Even though LS 
devices generate significantly smaller power supply spikes 
when switching than standard TTL, on-board regulation is still 
preferable to isolate this noise to one board. 

A low-inductance transmission line power distribution bus with 
good RF decoupling is necessary for large systems. On all 
boards, ceramic decoupling capacitors of 0.01 ^uF to 0.1/iF 
should be used at least one for every five packages, and one 
for every one-shot (monostable), line driver and line receiver 
package. In addition, a larger tantalum capacitor of 20 mF to 
lOQ/uF should be included on each card. On boards containing 
a large number of packages, a low impedance ground system 
is essential. The ground can either be a bus or a ground which 
is incorporated with the Vcc supply to form a transmission line 
power system. Separate power transmission systems can be 
attached to the board to provide this same feature without the 
cost of a multi-layer PC card. 

UNUSED INPUTS 

An unused input to an AND or NAND gate should not be left 
floating as it can act as an antenna for noise. On devices with 
storage, such as latches, registers and counters. It is particu¬ 
larly important to terminate unused inputs (MR, PE, PL, Cp) 
properly since a noise spike on these inputs might change the 
contents of the memory. This technique optimizes switching 
speed as the distributed capacitance associated with the 
floating input, bond wire and package leads is eliminated. To 
terminate, the input should be held between 2.4V and the 
maximum input voltage. One method of achieving this is to 
connect the unused input to Vcc- Most LS inputs have a 
breakdown voltage > 7V and require no series resistor. 
Devices specified with a maximum 5.5 volt breakdown should 
use a 1 kO to 10k^2 current limiting series resistor to protect 
against Vcc transients. Another method is to connect the 
unused input to the output of an unused gate that is forced 
HIGH. Do not connect an unused input to another input of the 
same NAND or AND function. Although recommended for 
standard TTL, with LS this increases the input coupling 
capacitance and reduces A.C. noise immunity. 

TRANSMISSION LINE EFFECTS 

The relatively fast rise and fall times of Low-Power Schottky 
TTL (5 to 15ns) can cause transmission line effects with 
interconnections as short as 18 inches. With one TTL device 
driving another and the driver switching from LOW to HIGH, if 
the propagation delay of the interconnection is long compared 
to the signal rise time, the arrangement can behave like a 
transmission line driven by a generator with a non-linear 
output. 

The initial voltage step at the output, just after the driver has 
switched, propagates down the line and reflects at the end. In 
the typical case where the line is open ended or terminated in 
an impedance greater than its characteristics Impedance 
(Zql). the reflected wave arrives back at the source and 
increases Vqut- It the total round-trip delay is longer than the 
rise time of the driving signal, a staircase response results at 
the driver output and along the line. If one of the driven 


devices is connected close to the driver, the initial output 
voltage (Vqut) seen by it rqight not exceed V|h- The state of 
the input is undetermined until after the round trip of the 
transmission line, thus slowing down the response of the 
system. 

The longest interconnection that should be used with LS 
devices without Incurring problems due to line effects is in the 
10-12 inch range. 

With longer interconnections, transmission line techniques 
should be used for maximum speed. Good system operation 
can be obtained by designing around 100 ohm lines. A 0.026 
inch (0.65mm) trace on a 0.062 inch epoxy-glass board 
(Er = 4.7) with a ground plane on the other side represents a 
lOOn line. 28 to 30 gauge wire (0.25 to 0.30mm) twisted pair 
line has a characteristic impedance of 100 to 115^2. 

LINE DRIVING AND RECEIVING 

For lines longer than 2 feet, twisted pairs or coaxial cable 
should be used. The characteristic impedance of the transmis¬ 
sion media should be approximately 120U such as twisted 
pairs of #26 wire or 10012 coax. A possible choice is cables 
with a characteristic impedance R© of 10012 such as ribbon 
cable or flat cable with controlled impedance. Resistive pull- 
ups at the receiving end can be used to increase noise margin. 
Where reflection effects are unacceptable, the line must be 
terminated in its characteristic impedance. A method shown in 
Figure 16 has the output of the line tied to Vcc through a 
resistor equivalent to the characteristic impedance of the line. 
As the output impedance of the LS driver is low and must sink 
the current through it, in addition to the current from the inputs 
being driven, a useful technique is to terminate the line in a 
voltage divider with two resistors, each twice the line imped¬ 
ance. 



AF002041 

Ra = Rb = 2Zo 
Ra = Zq 

Figure 16. LS Driving Twisted Pair. 

This reduces the extra sink current by 50%. Where the line 
exceeds five feet in length it is preferable to dedicate gates 
solely to line driving. 

For additional noise immunity when driving long lines, a 
differential line driver and line receiver may be used. These 
dedicated line interface circuits drive a twisted pair of wires 
differentially, permit easy termination of lines and provide 
excellent common mode noise rejection. 

The Am26LS31 driver and Am26LS32 and Am26LS33 are 
quad differential line drivers and receivers satisfying the 
interface requirements of El A RS-422 and 423 as well as 
military applications. Figure 17. They are designed to operate 
off the standard 5V power supplies of the LS logic devices. 
More applications information on line termination techniques is 
provided on the above mentioned device data sheets. 
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CROSS<TALK AND RINGING 

These two problems may be experienced with all forms of high 
speed digital logic. Crosstalk is the coupling of energy from 
one circuit to another via real or parasitic capacitance and 
inductance. Ringing is the possible rebound of the signal into 
the input threshold region (0.8 - 2.0V) following a HIGH-to- 
LOW level change. When a driver switches from a HIGH-to- 
LOW state the output voltage should fall below the threshold 
value. However, a line having a very low characteristic 
impedance does not allow transistor Q5 in the NAND gate 
example to saturate, and the resulting output voltage may not 
be low enough to switch an adjacent device until two or more 
line delay times. The low current levels at which LS devices 


operate, coupled with the low output impedance in both HIGH 
and LOW Logic states, minimize crosstalk effects. Input clamp 
diodes provided on all LS devices are extremely effective in 
reducing ringing phenomenon. 

Care should be taken to insure that signals with falling edges 
faster than 2.5-3ns/volt are not coupled into the input of an LS 
function. Even though the signal may not pass into the 
threshold region, if the pulse edge is fast enough, sufficient 
energy may be capacitively coupled onto a sequential device 
to cause it to change state; High speed Schottky elements in a 
test setup can exceed this limit. However in an active system, 
the edges will generally be slowed sufficiently to eliminate any 
problem. 



Figure 17. Differential Line Driving and Receiving with the Am26LS31 and Am26LS32. 
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DEFINITION OF STANDARD TERMS 


DEFINITION OF A.C. SWITCHING TERMS 

(All switching times are measured at the 1.3V logic 
level for Low-Power Schottky and the 1.5V logic level 
for Schottky unless otherwise noted.) 

fMAX The highest operating clock frequency. 


DEFINITION OF D.C. TERMS 

H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

I Input 


tpLH The propagation delay time from an input 
change to an output LOW-to-HIGH transition. 

tpHL The propagation delay time from an input 
change to an output HIGH-to-LOW transition. 

tpw Pulse width. The time between the leading and 
trailing edges of a pulse. 

tr Rise time. The time required for a signal to 
change from 10% to 90% of its measured 
values. 

tf Fall time. The time required for a signal to 
change from 90% to 10% of its measured 
values. 


O Output 

Negative Current flowing out of the device. 

Current 

Positive Current flowing into the device. 

Current 

l|L LOW-level input current with a specified 

LOW-level voltage applied. 

>IH HIGH-level input current with a specified 

HIGH-level voltage applied. 

lOL LOW-level output current. 

Iqh HIGH-level output current. 


ts Set-up time. The time interval for which a signal 
must be applied and maintained at one input 
terminal before an active transition occurs at 
another input terminal. 

th Hold time. The time interval for which a signal 
must be retained at one input after an active 
transition occurs at another input terminal. 

tHZ HIGH to disable. The delay time from a control 
input change to the three-state output HIGH- 
level to high-impedance transition (measured at 
0.5V change). 

tLZ LOW to disable. The delay time from a control 
input change to the three-state output LOW- 
level to high-impedance transition (measured at 
0.5V change). 

tZH Enable HIGH. The delay time from a control 
input change to the three-state output high- 
impedance to HIGH-level transition. 

tZL Enaible LOW. The delay time from a control 
input change to the three-state output high- 
impedance to LOW-level transition. 


•sc Output short-circuit source current. 

Ice The supply current drawn by the device 

from the Vec power supply. 

Iqzh Three-state off-state output current, HIGH- 
level voltage applied. 

•OZL Three-state off-state output current, LOW- 

leve! voltage applied. 

Vec . The range of supply voltage over which the 
device is guaranteed to operate. 

V|L The guaranteed maximum input voltage 

that will be recognized by the device as a 
logic LOW. 

V|H The guaranteed minimum input voltage 

that will be recognized by the device as a 
logic HIGH. 

VoL The maximum guaranteed logic LOW 

voltage at the output terminal while sinking 
the specified load current Iql- 

VOH The minimum guaranteed logic HIGH 

voltage at the output terminal when 
sourcing the specified source current Iqh- 


PARAMETER MEASUREMENTS 


LOAD TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


SET UP, HOLD, AND RELAESE TIMES 


TEST 

POINT Vec 




Note: For standard totem-pole outputs, 
remove Ri. Si and S 2 closed. 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 
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PROPAGATION DELAY 


PULSE WIDTH 



WF001420 



m m 


6g 

^30 


ENABLE AND DISABLE TIMES 
Enable Disable 



Notes: 1. Diagram shown for Input Control Enable-LOW and Input Control Disable-HIGH. 
2. S-| and S 2 of Load Circuit are closed except where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Zq = 50^2; tr< 2.5ns; tf< 2.5ns for Schottky. 

Rate < 1 .OMHz; Zq = 5012; V < 15ns; tf < 6ns for Low-power 
Schottky. 
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Am2900 Components Continuously Become 
Faster and Faster 


MORE SPEED: NO MORE POWER 

There's a good old tried and proven way to make faster 
IC's — burn more power. (That's the only real difference 
between "LS" and "S" devices). But that solution isn't 
satisfactory for LSI devices like the Am2900 Family. Power 
is constrained to existing levels for, reliability reasons. 

Am2900 parts are always designed to obtain the maximum 
speed at a power level which is safe for the package types 
and operating environment of the part. To increase speeds, 
new technologies must be used to build faster components 
at no increase in power. 

NEW CIRCUIT DESIGN TECHNIQUES MAKE 
FASTER GATES 

One way to make faster components is to use new circuit 
design techniques. The most obvious is internal ECL, which 
provides very fast gates at similar power levels to LS TTL. 
The Am29116 reaches microcycle times of 100ns through 
the use of internal ECL. Other design techniques, such as 
low-level logic (with very small logic swings on-chip), can 
also provide higher speeds without introducing the time 
penalty of ECL to TTL conversion. 

Finally, very low power gates used in non-critical speed 
paths make more power available for use in critical speed 
paths. As the 2900 Family develops, all these technologies 
will be used within a single component to achieve the 
highest speeds without increasing power. The Am2903A is 
one of the first products to take advantage of this mixed 
circuit technology. 

IMPROVED PROCESS CONTROL ALLOWS 
TIGHTER SPECS 

Today's 2900 parts are carefully characterized over a wide 
range of voltages, temperatures, and process parameters 
before an AC specification is published. As manufacturing 
technology improves, the process is subject to smaller run- 


to-run variations, so that all of the product is closer to 
design nominal. This makes it possible to specify parame¬ 
ters more closely to typical without incurring large yield 
losses. The first product reflecting this is the Am2903. 

WHAT'S GOOD FOR THE GOOSE IS GOOD 
FOR THE GANDER 

Many new tools in production technology are emerging, 
primarily spurred by the emphasis on high-speed MOS 
memories. The same tools, such as projection masking, 
also provide for smaller geometries in bipolar circuits. As 
MOS gets faster, so does bipolar. The Am2901C obtains its 
speed improvement over the Am2901B through these 
tools. 

PROCESS TECHNOLOGY TAKES A QUANTUM 
LEAP 

Current generation LSI/VLSI bipolar devices call for state- 
of-the-art processing technologies. IMOX^*^ ion-implanted 
micro-oxide technology gives the Am2901C its perfor¬ 
mance improvement over the Am2901B. IMOX also gener¬ 
ates incredible packing densities- the Am29116 has 2500 
gates on a single bipolar chip! 

DESIGN FOR THE FUTURE 

Every Am2900 part will undergo an evolution as new 
technologies become practical for production. Every part 
type will continuously become faster. The results are easy 
to observe - increases in performance at no additional cost 
(see Figure 1). 

Most existing 2900 designs can be offered in higher 
performance versions simply by substitution of the 2901C 
for the 2901B, the 2909A for the 2909, and 2903A for the 
2903, and so forth. Your 2900 design won't run out of 
speed in a few years. Advanced Micro Devices' 2900 
Family will serve tomorrow's needs as well as today's. 


Figure 1. Price/Performance Improvements 



Figure 2. Bipoiar Speed/Density improvements 

Am2901 FOUR-BIT MICROPROCESSOR SLICE 



540 GATES SOOmW 40-PIN DIP 


DIE 

SIZE 

Am2901 
33,000 MILS^ 

Am2901A 
20,000 MILS^ 

Am2901B 
15,000 MILS^ 

Am2901C 
15,000 MILS^ 

SPEED 

A, B-.G, P 

80ns 

65ns 

50ns 

37ns 

TECH¬ 

NOLOGY 

LOW-POWER 

SCHOTTKY 

“MEr'-AMr 

iiUpiIantaton 

ECL 

INTERNAL 
TTL I/O 
IMOX 


1975 

1977 

1978 

1981 
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INTRODUCTION 

THREE GENERATIONS OF TTL 

Transistor-transistor logic has been the dominant technology 
for digital circuits since it was developed in the mid-1960's. It 
has proven itself to be manufacturable in high volume using an 
extremely reliable process technology. The processes used 
for TTL have evolved over the years, making components 
smaller, faster and less expensive. Relative to a TTL gate 
manufactured in 1966, a gate on a circuit manufactured today 
occupies 1/5 the area, consumes 1/10 the power, is twice as 
fast and costs less than 1/100 the price. 

The circuits built using TTL technology have gone through two 
generations: the Am2900 Family represents the beginning of 
the third. Each generation consists of circuits which are 
fundamental building blocks of systems — circuits which can 
be interconnected in many different ways to build many 
different systems. Only by producing such universal circuits 
can manufacturing volumes be high enough to generate the rapid 
cost reductions characteristic of the integrated circuit industry. 

The quality which distinguishes one generation from another is 
the level of integration used, and, because of the level of 
integration, the philosophy behind the circuit. 

If one draws a curve plotting the cost of an individual gate 
against the number of gates on a chip. Figure 1 results. 



Figure 1. 

At the left, cost per gate is inversely proportional to the 
number of gates on the chip. The chip is small enough that it 
does not represent a significant portion of the cost of the 
product — it is virtually free. The cost of the product is 
composed of labor in assembly and test, the cost of process¬ 
ing an order, shipping and fixed overhead. Doubling the 
number of gates on the chip doesn't materially affect the cost 
so the cost per gate halves. As the number of gates per chip 
increases, the die begins to cost more, reversing the down¬ 
ward trend. As die cost dominates, the cost per gate remains 
relatively flat until the yield of the die begins to decline 
markedly. The cost per gate then begins to rise again. The 
lowest cost per gate is achieved at a level of integration corre¬ 
sponding to the flat region. This is the optimum level of Integration. 

As technology improves, costs are constantly reduced and the 
optimum level of integration occurs at more and more gates 
per chip. 

The three curves of Figure 2 are the reason for the three 
generations of TTL. Each generation has consisted of funda¬ 
mental system building blocks designed to take advantage of 
the optimum level of integration at the time. 



GATES/CHIP 

OP001450 

Figure 2. 

GENERATION I — SSI, 1965 

In 1965, the optimum level of integration was three-to-six 
gates per chip. Users were delighted to buy such chips at 
$10-20 each. The circuits were useful in many systems. They 
consisted of gates — 7400, 7410, 7420 — and, pressing the 
state of the art, some flip-flops. They were fundamental 
building blocks. 

GENERATION II — MSI, 1970 

Beginning around 1968, it became economical to put more 
gates on a chip and the industry was faced with a problem: 
How does one put 20 gates on a chip and build a universal 
building block? Clearly, one answer was to bring the inputs 
and outputs off chip as had been done before. But that was 
the wrong answer. The right answer was to redefine funda¬ 
mental building blocks. The new building blocks fell into seven 
categories; 

• Counters 

• Decoders 

• Multiplexers 

• Operators (adders, comparators) 

• Encoders 

• Registers 

• Latches 

All systems could be defined in terms of these seven 
functions, and integrated circuits could be defined at the 
20-50 gate/chip level which performed these functions effi¬ 
ciently. This, of course, is MSI. Over the last six or seven 
years, more and more circuits of this type have been intro¬ 
duced, utilizing standard gold-doped technology, low-power 
TTL, high-speed TTL, Schottky TTL, and now low-power 
Schottky TTL technology. Today, there are over 250 different 
MSI circuits and new ones appear every month. But in today's 
technology, many of these circuits are not particularly cost 
effective. They are too small for today's technology and their 
costs are labor intensive. (Labor costs do not follow traditional 
semiconductor pricing patterns.) In 1977, the optimum level of 
integration for bipolar logic was around 500 gates chip. 

GENERATION III — The Am2900 Family, 1976 

At a 500-gate-per-chip level of integration, one does not build 
counters, decoders, and multiplexers. A new definition of 
fundamental system functions was needed. Advanced Micro 
Devices has defined these eight categories; 

• Data Manipulation 

• Microprogram Control 

• Macroprogram Control 

• Priority Interrupt 

• Direct Memory Access 

• I/O Control 

• Memory Control 

• Front Panel Control 


2-17 


Refer to Page 13-1 for Essential information on Military Devices 


Am2900 Components Continuously 
Become Faster and Faster 




Am2900 Components Continuously 
Become Faster and Faster 


The Am2900 Family includes circuits designed to perform 
those functions efficiently. They are fundamental system 
building blocks; they contain hundreds of gates per chip; they 
are fast — utilizing Low-Power Schottky TTL technology and 
AMD's proprietary IMOX^*^ technology; they are expandable; 
they are flexible — useful in emulation; and they are driven 
under microprogram control. 

IMOX AND ECL — THE NEXT STEP 

Ever increasing complexity placed greater and greater de¬ 
mands on existing process technologies. Advanced Micro 
Devices responded to this challenge by introducing Its revolu¬ 
tionary IMOX ion-implanted micro-oxide technology in 1980. 
Oxide isolation generated faster transistor switching and 
tighter packaging. Ion-implantation meant tighter parameter 
control and lower power consumption. The bottom line — an 
unequalled combination of speed and density culminating in 
the Am29116 with a staggering 2500 gates-per-chip. Figure 3 
shows this climb in gate density. 



Figure 3. Am2900 Bipolar LSI/VLSI 

Future refinements of IMOX and new device technologies will 
keep AMD on the leading edge in bipolar LSI/VLSI. Designed 
to take advantage of these improvements in process technol¬ 
ogy, a new family of microprogrammable 32-bit controller 
products will set the pace for bipolar VLSI in the mid-1980s. 

THE Am2900 FAMILY 

The Am2900 Family consists of a series of LSI building blocks 
designed for use in microprogrammed computers and control¬ 
lers. Each device is designed to be expandable and sufficient¬ 
ly flexible to be suitable for emulation of many existing 
machines. It is the wide variety of machine architectures 
possible with the Am2900 Family which sets it apart from the 
fixed-instruction microprocessors such as the Am8086. 

While an Am8086 can be used to build a microcomputer with 
only four or five pacLages, an Am2900 design will require 30 or 
40 or more. The Am8086 design will, therefore, almost always 
be cheaper. But the Am8086, or any other fixed-instruction 
processor, can execute only one instruction set, so It is not 
really suitable for emulation of another machine. 

Moreover, a fixed-instruction processor operates only on 
words of a single length, e.g., sixteen bits. An Am2900 design, 
on the other hand, can be constructed for any word length 
which is a multiple of four bits. 

Many applications require specialized operations to be per¬ 
formed at relatively high speed. Such functions as multiply and 
divide and special graphic control operations, can be done in 
microcode 10-100 times faster than in fixed-instruction MOS 
processors. 


MICROPROGRAMMED ARCHITECTURE 

Most small processors today are being designed using 'a 
technique called microprogramming. ^ In microprogrammed 
systems, a large portion of the system's control is performed 
by a read only memory (usually PROM) rather than large 
arrays of gates and flip-flops. This technique frequently 
reduces the package count in the controller and provides a 
highly ordered structure in the controller, not present when 
random logic is used. Moreover, microprogramming makes 
changes in the machines' instruction set very simple to 
perform — reducing the post-production engineering costs for 
the system substantially. 

The Am2900 Family of Bipolar LSI devices has been designed 
for use in microprogrammed systems. Each device performs a 
basic system function and is driven by a set of control lines 
from a microinstruction. 

Figure 4 illustrates a typical system architecture. There are two 
"sides" to the system. At the left is the control circuitry and on 
the right is the data manipulation circuitry. The block labeled 
"2901C array" consists of the ALU, scratchpad registers, data 
steering logic (all internal to the Am2901Cs), plus left/right 
shift control and carry lookahead circuit. Data is processed by 
moving it from main memory (not shown) into the 2901C 
registers, performing the required operations on it and return¬ 
ing the result to main memory. Memory addresses may also be 
generated in the 2901 Cs and sent out to the memory address 
register (MAR). The four status bits from the 2901 Cs ALU are 
captured in the status register after each operation. 

The logic on the left side is the control section of the 
computer. This is where the Am2909A, 291OA, or 2911A is 
used. The entire system is controlled by a memory, usually 
PROM, which contains long words called microinstructions. 
Each microinstruction contains bits to control each of the data 
manipulation elements in the system. There are, for example, 
nine bits for the 2901C instruction lines, eight bits for the A and 
B register addresses, two or three bits to control the shifting 
multiplexers at the ends of the 2901C array (see Figure 19, 
2901C data sheet), and bits to control the register enables on 
the MAR, Instruction register, and various bus transceivers. 
When the bits in a microinstruction are applied to all the data 
elements and everything is clocked, then one small operation 
(such as a data transfer or a register-to-register add) will occur. 

A "machine instruction" (such as a minicomputer instruction 
or an 8086 instruction) is performed by executing several 
microinstructions in sequence. Each microinstruction there¬ 
fore contains not only bits to control the data hardware, but 
also bits to define the location in PROM of the next microin¬ 
struction to be executed. The fields are labeled in Figure 4 as 
I, CC, and BA. The I field controls the sequencer. It indicates 
where the next address is located — the pPC, the stack, or the 
direct inputs — and whether the stack is to be pushed or popped. 

The CC field contains bits* indicating the conditions under 
which the I field applies. These are compared with the 
condition codes in the status register and may cause modifica¬ 
tion to the I field. The comparing and modification occurs in 
the block labeled "control logic". Frequently this is a PROM or 
PLA. In the case of the Am2910, it is built into the chip. The BA 
field is a branch address or the address of a subroutine. 

PIPELINING 

The address for the microinstructions is generated by the 
sequencer, starting from a clock edge. The address goes from 
the sequencer to the ROM and, an access time later, the 
microinstruction is at the ROM outputs. 

A pipeline register is a register placed on the output of the 
microprogram memory to essentially split the system in two. 
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The pipeline register contains the microinstruction currently 
being executed ©. (Refer to the circled numbers in Figure 4.) 
The data manipulation control bits go out to the system 
elements and a portion of the microinstruction is returned to 
the sequencer 0 to determine the address of the next 
microinstruction to be executed. That address @ is sent to the 
ROM and the next microinstruction 0 sits at the input of the 
pipeline register. So while the 2901 Cs are executing one 
instruction, the next instruction is being fetched from ROM. 


Note that there is no sequential logic in the sequencer 
between the select lines and the output. This is important' 
because the loop © to @ to @ to 0 must occur during a 
single clock cycle. During the same time, the loop from 0 to 
© must occur in the 2901 Cs. These two paths are roughly the 
same (around 200ns worst case for a 16-bit system). The 
presence of the pipeline register allows the microinstruction 
fetch to occur in parallel with the data operation rather than 
serially, allowing the clock frequency to be doubled. 


Figure 4. 


f ROM DATA BUS 



6 Status bits from last microinstruction 
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The system shown in Figure 4 works as follows. A sequence of 
microinstructions in the PROM is executed to fetch an 
instruction from main memory. This requires that the program 
counter, often in a 2901C working register, be sent to the 
memory address register and incremented. The data returned 
from memory is loaded into the instruction register. The 
contents of the instruction register is passed through a PROM 
or PLA to generate the address of the first microinstruction 
which must be executed to perform the required funption. A 
branch to this address occurs through the sequencer. Several 
microinstructions may be executed to fetch data from memory, 
perform ALU operations, test for overflow, and so forth. Then 
a branch will be made back to the instruction fetch cycle. At 


this point, there may be branches to other sections of 
microcode. For example, the machine might test for an 
Interrupt here and obtain an interrupt service routine address 
from another mapping ROM rather than start on the next 
machine instruction. There are obviously many possibilities. 
Throughout this data book, in application notes, and within 
data sheets, some suggested techniques will be found. 

Additional application notes are in preparation and are 
planned for publication. Advanced Micro Devices' Applica- 
lions' staff is available to answer questions and provide 
technical assistance as well. They may be reached by calling 
(408) 732-2400, or, outside California (800) 538-8450. Ask for 
Am2900 Family Applications. 
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|| Am29100 High-Performance Controller Products 


A BETTER WAY IS HERE 

A new family of products from Advanced Micro Devices 
makes high-performance controller design a snap. 

MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for com¬ 
puter design, offers lots of advantages in controllers as 
well. The ease with which the functions of a micropro¬ 
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 

But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc¬ 
tions. MOS processors are good choices for many low- 
speed applications, but when the demand for speed and 
intelligence goes up, they cannot keep pace. Controllers 
need something better; the 29100 Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications In mind. They 
are fast, they are optimized for bit-manipulation, character 
handling, data communication and long, sophisticated mi¬ 
croprograms and they are designed to work together in a 
system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family 
is the Am29116 - a 16-bit bipolar microprocessor. It's not a 
slice - it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 


more than a very fast number cruncher - it's been 
optimized for controller-oriented applications. It's instruc¬ 
tion set has instructions often needed in controllers that are 
not available in any other processor. 

A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS 

There’s more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrout¬ 
ining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking I/O port. The Am9520 Burst Error Processor 
will provide a solution for error correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro¬ 
gram control unit and a high-speed buffer memory. Each 
microinstruction includes: a) a 16-bit instruction field to the 
Am29116, b) next-microinstruction selection bits, c) control 
for the buffer memory, d and e) control for the interface 
circuits and f) possibly an 8 or 16-bit data field. 

Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer. Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 
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The Ann29500 Family 

A High-Performance Architecture 
For Digital Signal/Array Processing 


The new system designs of the '80s will continue to press 
the performance limits of technology. Parallel processing 
and pipelined architectures will become the standard ap¬ 
proach. The new architectures are best implemented with a 
chip set that has been designed from the ground up with 
high speed array processing in mind. 

The Am29500 Family is designed specifically for these new 
architectures. Every key product feature supports the 
system end objective of maximum performance and flexibil¬ 
ity. These include: 

• Microprogrammable, parallel functions 

• Pipeline organization used throughout 

• IMOX^*^ process and ECL internal structures 

• TTL I/O for easy interfacing 

The first members of the family are targeted for the efficient 
execution of DSP and array processing algorithms. The 
most common algorithms include Infinite Impulse Re¬ 
sponse (HR) and Finite Impulse Response (FIR) digital 
filters and FasJ Fourier Transform (FFT) processors. 

The first major building blocks are designed to support 
maximum performance signal processing applications. 

Included are: 

• Am29501 Multi-Port Pipelined Processor 

A specialized parallel processor which executes mul¬ 
tiple simultaneous data operations. Its Register/ALU 
structure provides the key functional element for a 
high performance signal processing system. Eight-bit 
slice! 


• Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and 
coefficient addresses for the Fast Fourier Transform. 
It supports a wide variety of FFT algorithms in ei¬ 
ther radix-2 or radix-4. 

• Am29516/29517 High Speed 16 x 16-Bit Parallel 
Multipliers 

Both are 16 x 16-bit Parallel Multipliers. The 
Am29516 is pin and functionally compatible with the 
MPY-16HJ, but with an added multiplexer to output 
the LSP at the MSP port. The Am29517 is the 
same function, but with clock enables for micropro¬ 
grammed applications. 

• Am29520/29521 Multilevel Pipeline Registers 

Both devices contain four 8-bit registers for dual 
two-stage (FFT butterfly) or single four-stage (gener¬ 
al purpose) data or address pipelining. Combined 
load-and-shift (Am29520) or separate load-and-shift 
(Am29521) control options are available. 

• Am29526/29527/29528/29529 High-Speed Sine/ 
Cosine Function Generators 

The sine and cosine functions are necessary for 
Fast Fourier Transforms (FFT). The Am29526/527 
generate the most significant and least significant 
byte of the 16-bit sine function and the Am29528/ 
529 generate the most significant and least signifi¬ 
cant byte of the 16-bit cosine function. The sine 
and cosine functions are generated to provide a 
range of 6 for a half cycle, 0<^<7r, in increments 
of 7r/2048. All four units have a 50ns maximum 
commercial generation time. 


HIGH PERFORMANCE SIGNAL PROCESSOR 


Am29540 
FFT ADDRESS 
GENERATOR 



Ain2909/10/11 MICROPROGRAM SEQUENCER 
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A high-performance signal processor may be constructed as 
shown in the diagram. The processor is built entirely with new 
Am29500 digital signal processing and Am2900 devices. Such 
a processor is attached as a slave to the main system bus to 
perform the multitude of arithmetic operations which prevail in 
DSP algorithms. 

Using this architecture it is possible to implement a radix-2 
FFT butterfly irt four instruction cycles. This allows a 1024- 
point complex FFT to be performed in approximately 2ms. 

Fast multiplication is the key to high-speed digital-signal 
processing and high-speed array processing. In addition to the 
Am29516 and Am29517, Advanced Micro Devices is develop¬ 
ing an extensive family of multipliers. The first addition to the 
high-performance multiplier group: 


• Am29510 High-Performance 16x16 Bit Multiply Accu¬ 
mulator 

The multiply accumulator provides single cycle multiply 
accumulation or subtraction. The Am29510 is a pin- 
and function-compatible alternate source for the TRW 
TDC1010J. As illustrated with the Am29516/517, the 
multiply accumulator will have a speed improvement 
over existing multiply accumulators. 

• Am295XX to be announced. 

-More Multipliers 

A proliferation of the existing multiplier architectures 
will generate a complete family of multipliers and mul¬ 
tiplier accumulators. 

-Floating Point Processors (FPP) 

A 32-bit FPP capable of performing single-cycle dou¬ 
ble-precision floating-point addition, subtraction, and 
multiplication. The FPP performs the arithmetic opera¬ 
tions in DEC or IEEE format. Available 1984. 
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Am2960-70 Memory Support Family 
System Overview 


Memory system designs are increasingly shaped by 
three requirements: 

1. Higher system performance 

2. More memory capacity in less space 

3. Increased reliability 

The Am2960-70 Memory Support Family is a family of 
LSI building blocks which excels in satisfying these 
three requirements and provides a complete systems 
solution for designs using 64K or 256K DRAMS. The 
family members include; 

Am2960 Error Detection and Correction Unit 
Am2961/62 EDC Bus Buffers 
Am2964B Dynamic Memory Controller 
(64K DRAM Version) 

Am2965/66 Dynamic RAM Drivers 
Am2968 Dynamic Memory Controller 
(256K DRAM Version) 

Am2969 Timing Controller 

Am2970 Timing Controller 

Am8163/67 System and Timing Controller for 

MOS MPUs 

These are general purpose products. They will support any 
suppliers' DRAMs and will work with any processor type: 
8086, 80186, 80286, 68000, Z8000, and Am2900 proces¬ 
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 

Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system interconnection for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys¬ 
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de¬ 
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very compact. 

ERROR DETECTION AND CORRECTION 

It is important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MOS 
DRAMs is growing. With 64K and 256K DRAMs, alpha 
particle sensitivity is much greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 
entitled '’Am2960 Boosts Memory Reliability." This techni¬ 
cal report gives some statistics on soft error rates for 
DRAMs and demonstrates the dramatic increase in memo¬ 
ry reliability gained from the use of Hamming Code Error 
Detection and Correction schemes, such as those used by 
the Am2960 EDC (Error Detection and Correction) unit. 

Data interface between the dynamic memories, the 
Am2960 EDC chip and the system data bus is accom¬ 
plished by means of the Am2961/62 bus buffers. Figure 3 
depicts the architecture of these devices along with a 


simplified block diagram of the Am2960. The Am2961 is 
inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 

These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (Bl) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus- 
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. 

The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 

The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 

The 16-bit Diagnostic Latch is loadable from the bidirection¬ 
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit information in one byte and 
control Information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 

The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, in the Internal Control mode, the control 
signals are instead read from the Diagnostic Latch. 

The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX^*^ version, the Am2960A, will be available by 
early 1985. All speed-improved versions have identical 
functions and are electrically plug-compatible with the 
current Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dynamic Memory Controllers are available for generat¬ 
ing address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 
capacity of 256K words. The new Am2968 is designed to 
work with 256K DRAMs and can also handle up to four 
banks for a total control capacity of 1 Megaword (the words 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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can be as many bits wide as desired). Also, the Am2968 
does not require external driver chips as does the 
Am2964B - the Am2968 has the memory drivers, with all of 
the undershoot control and spee d fea tures of the Am2965/ 
66, built right into its address, RAS, and CAS outputs. 


For generating the timing and control signals required by 
the Am2964B/68 and the Am2960/61 /62, there are sever¬ 
al different devices available, optimized for different system 
requirements. For MOS Microprocessor systems, use the 
Am8163 or Am8167. Both of these devices will interface 


Figure 1. Am2900 High Performance Memory Subsystem Using 256K DRAMs 
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Figure 2. Am2900 High Performance Memory Subsystem Using 64K DRAMs 



BD002670 


2-24 


Refer to Page 13-1 for Essential Information on Military Devices 










Figure 3. EDC Data Path 
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Figure 4. Am2960 Block Diagram 
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easily to iAPX86/186/286, Z8000, or 68000 microprocessors. 
The Am8163 and Am8167 provide the control signals and 
timing signals for the memory controllers, the EDC, and the 
data bus buffers - in addition, the Am8163/67 decode the 
memory system control signals directly from the MOS Micro¬ 
processor, requiring in most cases only a single PAL^*^ for 
interfacing. 

For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control signals. 

Following is a description of the function of the Am2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single 1C for use 
with 256K DRAMs. 

The Am2964B Dynamic Memory Con trolle r is u sed to provide 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am2964B Dynamic Memory 
Controller is shown in Figure 5. The device contains 18 input 
latches for capturing an 18-bit address for memory control; the 
two highest order addresses are decoded in the Am2964B to 
selec t one of four banks of RAM by selecting one of the four 
RAS outputs. 

The Am2964B is designed to operate with either 16K Dynamic 
RAMs or 64K Dynamic RAMs. Thus, the designer either uses 
14 of the multiplexer address inputs and 7 of the address 
outputs or all 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K Dynamic RAMs , 7 address inputs are provided to the 
RAM during the RAS LOW signal, and then the 8-bit multiplex¬ 
er is switched so that 7 upper address bits are provided to the 
RAM for the CAS LOW part of the cycle. The Am2964B 
Dynamic Memory Controller contains an 8-bit refresh counter 
that is used to supply the refresh address to the dynamic 


memory during the refresh cycle. This counter can b e used in 
either the 128 or 256 line refresh mode. A CAS buff er is 
included in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a norm al memory cycle. This is accomplishe d by bringing 
the RASI input LOW, which will cause one of the RAS outputs 
to go LOW. After the required memory timing, the MSEL input 
will be used to switch the multiplexer to the other address 
latch, then, the CASI input will be driven LOW causing the 
CASO output to go LOW and execute the CAS part of the 
memo ry cycle. The refresh cycle is executed by driving the 
RFSH input LOW which causes the multiplexer t o conn ect the 
refresh counter to its address outpu ts. Th en, the RASI input is 
driven LOW which causes all four RAS outputs to go LOW. 
This will simultaneously refresh all four banks of dynamic 
RAMs controlled by the Am2964B Dynamic Memory Control¬ 
ler. When either the RFSH or RASI input is brought HIGH, the 
refresh counter Is advanced so it will be ready for the next 
refresh cycle. 

As can be seen in Figure 1, Dynamic RAM Drive rs can be u sed 
In large memory systems to buffer the Address, R AS, CAS and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts and 
high VoH of greater than Vcc -T15 volts. The Am2965 is 
inverting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpo specifications for both 50pF and 500pF 
loads. 


Figure 5. Am2964B Dynamic Memory Controller 
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Am2900 Family Applications Literature 

Available from AMD's Customer Education Center 


Bit-Slice Design: Controllers 
and ALUs, White D.E., 

Garland STPM Press, N.Y. © 1981 
Price: $34.50 + Tax + Shipping 
ISBN 0-8240-7103-4 


This book provides the inexperienced bit-slice design 
engineer with an easily understood description of how a 
computer control unit and ALU is built with the fundamental 
Am2900 devices (Am2901B, Am2909/11, Am2903, 
Am2910 and Am2914). This book forms the basis of the 
introductory bit-slice design course (ED2900A) at the AMD 
Customer Education Center. 

Bit-Slice Microprocessor 

Design, Mick and Brick, 

McGraw-Hill Publishing Co. 

1221 Avenue of the Americas 

New York, N.Y. 10020 

Price: $18.50 + Tax + Shipping 
ISBN 0-07-041781-4 


This comprehensive book discusses in detail the design of 
a microprogrammed computer using the Am2900 Family for 
the more experienced bit-slice designer. The book also 
includes sections on DMA design with the Am2940/ 
Am2942 and Program Control Unit design with the 
Am2930/Am2932. The book's chapters are: 

I - Computer Architecture 

II - Microprogrammed Design 

III - The Data Path 

IV - The Data Path, Part Two 

V - Program Control Unit 

VI - Interrupt 

VII - Direct Memory Access 

VIII - The Hex 29 

IX - The Super Sixteen 

ED2900A Study Guide 

Price: $18.00 -f- Tax + Shipping 


This study guide is used in conjunction with the ED2900A 
course and complements Bit-Slice Design: Controllers and 
ALUs. The study guide contains example design problems, 
exercises and example AMSYS® 29 programs. 

Microprogram Design with the Am2900 Family 

A discussion of the 'instruction-cracking' problem in micro¬ 
programmed machines. Discusses ways to translate op 
codes into microprogram addresses and control lines. 

Order 00575A - MPR 

ORDERING INFORMATION 

The above literature may be ordered directly from: 

Customer Education Center 

Advanced Micro Devices, Inc. 

490-A Lakeside Drive, MS: 71 

Sunnyvale, CA 94086 
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Am29000 Family Applications Literature 




School of Advanced Engineering 


School of Advanced Engineering 


BIPOLAR APPLICATION DESIGN COURSES 

AMD's School of Advanced Engineering offers graduate-level instruction in designing with the newest technologies. Bipolar 
design courses take you from the basics of bit-slice architecture through basic design with the 2900 Family on to the 
microprogram development system and its application to your design and finally to emulation and CPU architecture where 
students create microcode to drive an actual system, using the writable control store of the AmSYS29 development system. 


For More Information: 

Contact your AMD Sales Representative or write to: 

Advanced Micro Devices 
School of Advanced Engineering 
Customer Education Center 
490-A Lakeside Drive 
P.O. Box 453 

Sunnyvale, California 94086 U.S.A. 
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Macro Meta Assembler from Microtec* 


The Macro Meta Assembler is a valuable programming tool 
for those faced with the problem of writing micro-programs 
for bit slice processors such as the AMD 2901 and other 
similar microprogrammable microprocessors. It is a neces¬ 
sity for anyone faced with the problem of micro-program¬ 
ming any wide-word driven micro-sequencer system. 

The Macro Meta Assembler is an enhanced version of 
Microtec's Meta Assembler. It is totally upward compatible, 
yet can perform many functions that are difficult or impossi¬ 
ble with more basic packages. 

The principal new feature of the Macro Meta Assembler is a 
powerful macro facility that enables the user to define 
variable length microinstructions using a single mnemonic; 
to encode complex overlayed instructions, and to encode 
non-contiguous fields. Macros may be passed a variety of 
parameter types: Symbols, Numbers, Opcodes, and Char¬ 
acter Strings. Within the Macro-expansion parameters may 
be dynamically concatenated to existing text or other 
parameters. Symbols may be declared Local to the current 
Macro or be defined globally, and a wide variety of 
operators have been implemented for use with conditional 
Macro expansion. Macro calls may be nested and may be 
recursive. 

Other features that have been added to the language 
include the availability of boolean and relational operators 
in expressions, automatic generation of parity bits and entry 
point PROMs. 

The Meta Assembler consists of three separate programs: 
the Definition Program, the Assembly Program, and the 
PROM Formatter Program. These programs allow the user 
to define a unique assembly language, assemble a program 
written in the user-defined language, and organize the 
resulting object module into arrays that are compatible with 
the target ROM/PROM memories. 

The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. An instruction format is 
defined by breaking the microword into fields as variables, 
constants, or "don't care" bits. The variable fields are filled 
in at Assembly time. Default values and certain permanent 
attributes may also be assigned to variable fields at 
Definition time. The Definition Program produces an output 
listing and a disk file which contains the symbols and 
instruction mnemonics. This Definition file is used by the 
Assembly program as a reference when assembling a 
program. 

The Assembly Program is similar to a traditional two-pass 
assembler. A symbolic source program utilizing the mne¬ 
monics and symbols defined in the Definition Program is 
read as input; a program listing and object module are 
generated as output. The Assembler provides symbolic 
addressing, relative addressing, paged addressing, and 
other features found in typical assembly programs. The 
instruction syntax and assembler directives are compatible 
with those utilized by AMD in its literature and software 
products. Additional directives have been implemented for 
versatile listing and output controls. 


Both the Definition Program and the Assembly Program are 
implemented with Conditional Assembly Operators. Condi¬ 
tional statements may be nested up to 16 levels and can be 
made dependent on general expressions, character string 
equality, and symbol definition status. A full cross reference 
table is provided in both programs. 

The following directives are included in Microtec's Macro 
Meta Assembler Program: 


MACRO 

ENDM 

EXITM 

LOCAL 

IF 

ELSE 

ENDIF 

IFC 

IFNC 

IFD 

IFND 

MAP 

DUP 

DATA 


Define a Macro 

End a Macro Definition 

Alternator Macro Exit 

Define a Macro Local Symbol 

Conditional Assembly if Expression is 

Non-Zero 

Conditional Assembly Statement Converse 
Conditional Assembly Statement End 
Conditional Assembly if Character Strings 
Compare 

Conditional Assembly if Character Strings 
Don't Compare 

Conditional Assembly if Symbol Defined 

Conditional Assembly if Symbol Not Defined 

Generate Entry Point Table 

Duplicate a Line (in timesharing version of 

AMDASM) 

Define Data Word (in timesharing version of 
AMDASM) 


The PROM Formatter Program reads the object module 
produced by the Assembly Program and translates the 
format into one that can be read by a PROM programmer. 
BNPF, Data I/O ASCII hexadecimal, and the Step Engi¬ 
neering format are supported. Microwords in the object 
module can be divided into organizations that are compati¬ 
ble with the target PROM/ROM array. The length and width 
of PROMS may be specified as well as the value of "don't 
care" bits. The PROM Formatter has three new features 
that add to the versatility of the program: single bit parity 
generation; column switching; and column overlaying. 

The Macro Meta Assembler is written in ANSI Fortran and 
will run on any general purpose digital computer that has a 
Fortran IV compiler, a word length of at least 16 bits, a disk 
or magnetic tape facility and 20-24K words of program 
memory. In most systems these programs can be run in an 
overlayed mode if the required memory is not available. 

The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. A manual is available for a small fee, if 
further information is desired. 

For additional information, contact Microtec, P.O. Box 
60337, Sunnyvale, California 94088. Telephone (408) 733- 
2919. 


‘This information was provided by Microtec. AMD is not associated 
with Microtec and does not guarantee their products. 
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Macro Meta Assembler from Microtec 




Meta Assembler Program from 


I Meta Assembler Program from Microtec* 

'S . 


Microtec has available a Meta Assembler program for 
the AMD 2900 microprocessor and other similar micro- 
programmable microprocessors. The Assembler is com¬ 
patible with AMD's AMDASM program, but is written in 
ANSI standard Fortran IV and will run on any machine 
that has: 

1. A Fortran IV compiler 

2. A word length of at least 16 bits 

3. A disc or magnetic tape facility 

4. 18K words of Random Access Memory (in most 
Systems these programs can be run in an over- 
layed mode If the required memory is not avail¬ 
able) 

The Meta Assembler Software Package actually consists of 
three separate programs, a Definition Program, an Assem¬ 
bly Program, and a PROM Formatter Program. 

The Definition Program allows the user to define instruction 
mnemonics and their associated formats. Instruction 
lengths may vary from 1 to 128 bits. Symbolic Constants 
and reserved words may also be defined in the Definition 
Program. An instruction format Is defined by breaking the 
microword into fields and defining the fields as constants, 
don't care bits, or variables which are filled in at assembly 
time. Default values and certain permanent attributes may 
also be assigned to variable fields at Definition time. The 
Definition Program produces an output listing and a disk file 
consisting of the defined symbols and instruction mnemon¬ 
ics. This Definition file is used by the Assembly program as 
a reference when assembling a program. 

The Assembly program operates like a traditional assem¬ 
bler. A symbolic source program utilizing the mnemonics 
and symbols defined in the Definition Program is read as 
input, and a listing and object module are generated as 
output. The Assembler provides symbolic addressing, rela¬ 
tive addressing, paged addressing, and other features 
found in typical assembly programs. The instruction syntax 
and assembler directives are compatible with those utilized 
by AMD in its literature and software products. Additional 


directives have been implemented to provide for versatile 
listing and output controls. 

Conditional Assembly statements are provided In both the 
Definition and Assembly prbgrams. These statements may 
be nested up to 16 levels and can be made dependent on 
general expression. A full cross reference table is also 
provided in both programs. 

Some features of Microtec's Meta Assembler are particu¬ 
larly helpful when assembling code for microprogrammable 
machines. The existence of don't care bits and Instruction 
overlaying are Included among these features. Bits of a 
microword which are not relevant to a particular Instruction 
format may be defined as don't care bits. Don't care bits 
are printed as X's on the listing and do not have to be 
defined until the PROM Formatter program is executed. An 
instruction format with don't care bits can be overlayed with 
other instruction formats. Therefore when useful, an in¬ 
struction format can be used to define only part of the 
microword, padding out the word with don't care bits. 

The PROM Formatter Program reads the object module file 
produced by the Assembly program and translates the 
format into one that can be read by a PROM programmer. 
Both BNPF and Data I/O's ASCII hexadecimal format are 
supported. Microwords in the object module can be broken 
up into organizations that are compatible with the target 
PROM/ROM array. Users may specify PROMs of any width 
and length, as well as the value of don't care bits. Any or all 
PROMs may be listed and/or punched. 

The programs are well commented and modular. A detailed 
manual, source listing, test programs, and test program 
output listings accompany each software order. The test 
programs allow the operation of the software to be verified 
quickly and easily. If the information given here is not 
sufficient, a manual is available for a small fee. 

.Coming soon is M29 AMD'S New Meta Assembler. Contact 
your local sales office for details. 

For additional information, contact Microtec, P.O. Box 
60337 Sunnyvale, Ca. 94088 (408) 733-2919 


•This information was provided by Microtec. AMD is not associated with Microtec, 
and does not guarentee their products. 
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Videotape Seminar Kits 


Advanced Micro Devices regularly prepares and presents seminars wordwide that describe the function and application of its 
Am2900 Family products. These seminars may also be presented at local factory or design centers through arrangement 
with the field Applications Engineer located at the AMO Sales Office. 

It is now also possible to order the following seminars in videotape form with literature kits. 


• 2Am29116 Sixteen-Bit BIplor Microprocessor and Peripherals 

• 2Am29500 Array Processing/Digital Signal Processing Famllly 


The videotape is a 2-3 hour seminar covering the products function in detail and demonstrating aspects of system 
integration using the products, The literature kit includes a slide booklet, data sheets of all products covered in the seminar, 
and other relevant material. 

These kits may be ordered from AMD's Customer Education Center. Contact your AMD Sales Representative for more 
infomation. 



Order Code 

Prices(USA) 

Am29116 Sixteen-Bit Bipior Microprocessor and Peripherais 

- Videotape (includes one set of literature) 

Am29116-VIDEO 

$99/Videotape 

- Literature Kit (each additional set) 

Am29116-LIT 

$5/set 

Am29500 Array Processing (Digitai Signai Processing Famiiiy) 

- Videotape (includes one set of literature) 

Am29116-VIDEO 

$99/Vldeotape 

- Literature Kit (each additional set) 

Am29116-LIT 

$5/set 
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Am29300 Family 


Am29323 32-Bit Parallel Multiplier. . .3-1 

Am29325 32-Bit Floating Point Processor .. .3-2 

Am29331 16-Blt Microprogram Sequencer......... ......3-50 

Am29332 32-Bit Arithmetic Logic Unit. 3-52 

Am29334 Four-Port, Dual-Access Register File.... 3-54 

Am29360 32-Bit Error Detection and Correction Unit. .3-55 

Am29368 IM-BIt Dynamic Memory Controller (DMC)..3-56 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 
testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 










Am29323 

32-Bit Parallel Multiplier 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• 32-Bit Three-Bus Architecture 

- The device has two 32-bit input ports and one 32-bit 
output port with maximum multiply time of 80ns 

• Single Clock with Register Enables 

- The Am29323 is controlled by one clock with 
individual register enables 

• Supports Multiprecision Multiplication 

- The device has dual 32-bit registers on each data 
input port to perform multiprecision multiplication 


• Transparent-Able Input, Output and Instruction Regis¬ 
ters 

- Input and output registers can be made transparent 
independently to eliminate unwanted pipeline delay 

• Supports Two's complement, unsigned or mixed mode 
numbers 

• Data Integrity Through Master-Slave Mode and Parity 
Check/Generate 

- Parity check/generate catches inter-device 
connection errors and master/slave mode provides 
complete function check 


GENERAL DESCRIPTION 


The Am29323 is a high-speed 32 x 32-Bit Parallel Multipli¬ 
er with 67-Bit Accumulator. The part is designed to maxi¬ 
mize system level performance by providing three 32-bit 
bus architecture and a single clock with register enables. 

The Am29323 further enhances the system throughput by 
providing individual register feedthrough controls, byte 
parity checking on both input ports and generation on the 
output port, as well as, dual input registers on each data 
input bus to support multiprecision multiplication. The 
Am29323 can manage a wide variety of data types such as 


Two's complement, unsigned or mixed mode input formats. 
64 X 64 bit multiplication can be performed in seven clock 
cycles, including input and output. Additional features 
provided are format adjust control allowing for standard 
output or left shifted output suitable for Two's complement 
arithmetic. The part also features master/slave operation. 

The Am29323 is designed with the IMOX^*^ process, which 
allows internal ECL circuits with TTL compatible I/O. The 
device is housed in a 168-lead pin-grid-array package. 


BLOCK DIAGRAM 

The Am29323 High-Speed 32 x 32-Bit Parallel Multiplier 



- XSEL 

- YSEL 


IMOX is a trademark of Advanced Micro Devices, Inc. 


05763A 
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Am29325 

32-Bit Floating Point Processor 

PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


• Single VLSI device performs high-speed floating-point 
arithmetic 

- Floating-point addition, subtraction and multiplication 
in a single clock cycle 

- Internal architecture supports sum-of-products, 

Newton-Raphson division ' 

• 32-bit, 3-bus flow-through architecture 

- Programmable I/O allows interface to 32- and 16-blt 
systems 


9 IEEE and DEC formats 

- Performs conversions between formats 

- Performs integer floating point conversions 

• Six flags indicate operation status 

• Register enables eliminate clock skew 

• Input and output registers can be made transparent 
independently 


GENERAL DESCRIPTION 


The Am29325 is a high-speed floating-point processor unit. 
It performs 32-bit single-precision floating-point addition, 
subtraction, and multiplication operations in a single LSI 
integrated circuit, using the format specified by the proposed 
IEEE floating-point standard P754. The DEC single¬ 
precision floating-point format is also supported. Operations 
for conversion between 32-bit integer format and floating¬ 
point format are available, as are operations for converting 
between the IEEE and DEC floating-point formats. Any op¬ 
eration can be performed in a single clock cycle. Six flags - 
invalid operation, inexact result, zero, not-a-number, over¬ 
flow, and underflow - monitor the status of operations. 

The Am29325 has a 3-bus, 32-bit architecture, with two 
input buses and one output bus. This configuration provides 


high I/O bandwidth, allows access to all buses and affords a 
high degree of flexibility when connecting this device in a 
system. All buses are registered, with each register having a 
clock enable. Input and output registers may be made trans¬ 
parent independently. Two other I/O configurations, a 32-bit, 
2-bus architecture and a 16-bit, 3-bus architecture, are 
user-selectable, easing interface with a wide variety of sys¬ 
tems. Thirty-two-bit internal feedforward data paths support 
accumulation operations, including sum-of-products and 
Newton-Raphson division. 

Fabricated with the high-speed IMOX™ bipolar process, the 
Am29325 is powered by a single 5-volt supply. The device is 
housed in a 144-pin pin-grid-array package. 


Am29300 FAMILY HIGH PERFORMANCE SYSTEM BLOCK DIAGRAM 
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CONTROL 

SIGNALS 


RELATED PRODUCTS 

• Am29323 - 32 x 32 Parallel Multiplier • Am29334 - 64 x 18 Four-Port Dual-Access 

• Am29332 - 32-Bit ALU Register File 

® Am29331 - 16-Bit Sequencer 


IMOX is a trademark of Advanced Micro Devices, Inc. 


Order # 05621A 
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BLOCK DIAGRAM 
Am29325 


CLK C >—-/- 

SELECT 16 
AND ENABLE 0—7^ 
LINES 




S0-S31 
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DEFINITION OF TERMS 


AFFINE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 


BIASED EXPONENT 

The true exponent of a floating-point number, plus a constant. 
For IEEE floating-point numbers, the constant is 127; for DEC 
floating-point numbers, the constant is 128. See also True 
Exponent. 

BUS 

Data input or output channel for the floating-point processor. 

DEC RESERVED OPERAND 

A DEC floating-point number that is interpreted as a symbol and 
has no numeric value. A DEC reserved operand has a sign of 1 
and a biased exponent of 0. 


DESTINATION FORMAT 

The format of the final result produced by the floating-point ALU. 
The destination format can be IEEE floating-point, DEC floating¬ 
point or integer. 


FINAL RESULT 

The result produced by the floating-point ALU. 

FRACTION 

The twenty-three least-significant bits of the mantissa. 

INFINITELY PRECISE RESULT 

The result that would be obtained from an operation if both 
exponent range and precision were unbounded. 

INPUT OPERANDS 

The value or values on which an operation is performed. For 
example, the addition 2 + 3 = 5 has input operands 2 and 3. 

MANTISSA 

The portion of a floating-point number containing the number’s 
significant bits. -For the floating-point number 1.101 x 2 ~^, the 
mantissa is 1.101. 
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Am29325 


DEFINITION OF TERMS (Coht) 


NAN (Not-a-Number) 

An IEEE floating-point number that is interpreted as a symbol, 
and has no numeric value. A NAN has a biased exponent of 
255io 3 f^cl a non-zero fraction. 

PORT 

Data input or output channel for the floating-point ALU. 

PROJECTIVE MODE 

One of two modes affecting the handling of operations on 
infinities - see the Operations with Infinities section under 
Operation in IEEE Mode below. 


PIN DESCRIPTION 


R0-R31 

R operand bus, input. Rq is the least-signifi¬ 
cant bit. 

•4 

Register R input select, input. A LOW on I 4 
selects R 0 -R 31 as the input to register. R. A 
HIGH selects the ALU F port as the input to 

S0-S31 

S operand bus, input. So is the least-signifi¬ 
cant bit. 

lEEE/DEC 

register R. 

IEEE/DEC mode select, input. When IEEE/ 

F0-F31 

F operand bus, output. Fq is the least- 
significant bit. - 


DEC is HIGH, IEEE mode is selected. When 
IEEE/DEC is LOW, DEC mode is selected. 

CLK 

Clock input for the internal registers. 

INEXACT 

Inexact result flag, output. A HIGH indicates 




that the final result of the last operation was not 

ENR 

Register R clock enable, input. When ENR is 
LOW, register R is clocked on the LOW-to- 


infinitely precise, due to rounding. 


HIGH transition of CLK. When ENR is HIGH, 
register R retains the previous contents. 

INVALID 

Invalid operation flag, output. A HIGH indi¬ 
cates that the last operation performed was 

Efis 

Register S clock enabie, input. When ENS is 


invalid, e.g., times 0 . 


LOW, register S is clocked on the LOW-to- 
HIGH transition of CLK. When ENS is HIGH, 
register S retains the previous contents. 

NAN 

Not-a-number flag, output. A HIGH indicates 
that the final result produced by the last opera¬ 
tion is not to be interpreted as a number. The 




output in such cases is either an IEEE Not-a- 

ENF 

Register F clock enable, input. When ENF is 
LOW, register F is clocked on the LOW-to- 


Number (NAN) or a DEC reserved operand. 


HIGH transition of CLK. When ENF is HIGH, 
register F retains the previous contents. 

OE 

Output enable, input. When OE is LOW, the 
contents of register F are placed on F 0 -F 31 . 
When OE is HIGH, F 0 -F 31 assume a high- 

FTo 

Input register feedthrough control, input. 
When FTq is HIGH, registers R and S are 


impedance state. 


transparent. 

ONEBUS 

Input bus configuration control, input. A LOW 
on ONEBUS configures the input bus circuitry 

FTi 

Output register feedthrough control, input. 
When FTi is HIGH, register F and the status 
flag register are transparent. 


for two-input bus operation. A HIGH on 
ONEBUS configures the input bus circuitry for 
single-inf!)ut bus operation. 

I0-I2 

Operation select lines, inputs. Used to select 
the operation to be performed by the ALU. See 
the ALU Operation Select Table for a list of 
operations and the corresponding codes. 

OVERFLOW 

PROJ/^ 

Overflow flag, output. A HIGH indicates that 
the last operation produced a final result that 
overflowed the floating-point format. 

Projective/affine mode select, input. Choice of 

•3 

ALU S port input select, input. A LOW on I 3 
selects register S as the input to the ALU S 
port. A HIGH on I 3 selects register F as the 
input to the ALU S port. 


projective or affine mode determines the way 
in which infinities are handled in IEEE mode. A 
LOW on PROJ/AFF selects affine mode; a 
HIGH selects projective mode. 


ROUNDED RESULT 

The result produced by rounding the infinitely precise result to fit 
the destination format. 


TRUE EXPONENT (or Exponent) 

Number representing the power of two by which a floating-point 
number’s mantissa is to be multiplied. For the floating-point 
number 1.101 x 2-3, the true exponent is -^ 3 . 
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PIN DESCRIPTION (Cont) 


RNDo, RNDi 


S16/32 


Rounding mode selects, inputs. RNDo and 
RND-j select one of four rounding modes. See 
the Rounding Mode Select Table for a list of 
rounding modes and the corresponding con¬ 
trol codes. 

Sixteen- or thirty-twq^bit I/O mode select, 
input. A LOW on S16/32 selects the thirty-two- 
bit I/O mode; a HIOH selects the sixteen-bit I/O 
mode. In thirty-two-bit mode, inputs and out¬ 
put buses are 32 bits wide. In sixteen-bit 
mode, input and output buses are sixteen bits 


wide, with the least and most significant por¬ 
tions of the thirty-two-bit input and output 
words being placed on the buses during the 
HIGH and LOW portions of CLK, respectively. 

UNDERFLOW Underflow flag, output. A HIGH indicates that 
the last operation produced a rounded result 
that underflowed the floating-point format. 

ZERO Zero flag, output. A HIGH indicates that the last 

operation produced a final result of zero. 


ARCHITECTURE 


The Am29325 comprises a high-speed, floating-point ALU, a 
status flag generator, and a 32-bit data path. 


Floating-Point ALU 


The floating-point ALU performs 32-bit floating-point operations. 
It also performs floating-point-to-integer conversions, integer- 
to-floa1ing-point conversions, and conversions between the 
IEEE and DEC floating-point formats. The ALU has two 32-bit 
input ports, R and S, and a 32-bit output port, F. 

Conceptually, the process performed by the ALU can be divided 
into three stages - see Figure 1. The operation stage performs 
the arithmetic operation selected by the user; the output of this 
section is referred to as the infinitely precise result of the opera¬ 
tion. The rounding stage rounds the infinitely precise result to fit in 
the destination format; the output of this stage is called the 
rounded result. The last stage checks for exceptional conditions. 
If no exceptional condition is found, the rounded result is passed 
through this stage. If some exceptional condition is found, e.g., 
overflow, underflow, or an invalid operation, this section may 
replace the rounded result with another output, such as +-^, 
a NAN, or a DEC reserved operand. The output of this last stage 
appears on port F, and is called the final result. 

The ALU performs one of eight operations; the operation to be 
performed is selected by placing the appropriate control code on 
lines Iq- l2- The ALU Operation Select Table gives the control 
codes corresponding to each of the eight operations. 

The floating-point addition operation (R PLUS S) adds the 
floating-point numbers on ports R and S, an d pla ces the 
floating-point result on portF. In IEEE mode (lEEE/DEC = HIGH) 
the addition i s per formed in IEEE floating-point format; in DEC 
mode (JEEE/DEC = LOW) the addition is performed in DEC 
format. 

The floating-point subtraction operation (R MINUS S) subtracts 
the floating-point number on port S from the floating-point 
number on port R a nd pl aces the floating-point result on port F. In 
IEEE mode (lEEE/DEC = HIGH) the subtracti on is p erformed in 
IEEEfloating-pointformat; in DEC mode (lEEE/DEC = LOW) the 
subtraction is performed in DEC format. 

The floating-point multiplication operation (R TIMES S) multiplies 
the floating-point numbers on ports R and S, a nd pl aces the 
floating-point result on portF. In IEEE mode (lEEE/DEC = HIGH) 


Figure 1. Conceptual Model of the Process Performed by 
the Floating-Point ALU 


OPERAND R OPERAND S 



FINAL RESULT 05621A-3 


the multiplication is pe rformed in IEEE floating-point format; in 
DEC mode (lEEE/DEC = LOW) the multiplication is performed in 
DEC format. 

The floating-point constant subtraction (2 MINUS S) operation 
subtracts the floating-point value on port S from 2, and places the 
result on port F. The operand on port R is not used in this 
operation; its valu e will not affect the operation in any way. In 
IEEE mode (lEEE/DEC = HIGH) the operatio n is p erformed in 
IEEE floating-point format; in DEC mode (lEEE/DEC = LOW) the 
operation is performed in DEC format. This operation is used to 
support Newton-Raphson floating-point division; a description of 
its use appears in Appendix C. 

The integer-to-floating-point conversion (INT-TO-FP) operation 
takes a 32-bit, two’s complement integer on port R and places the 
equivalent floating-point value on port F. The operand on ports is 
not used in this operation; its val ue w ill not affect the operation in 
any way. In IEEE mode (lEEE/DEC = HIGH) t he res ult is de¬ 
livered in IEEE format; in DEC mode (lEEE/DEC = LOW) 
the result is delivered in DEC format. 
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ALU OPERATION SELECT TABLE 


h 

h 

*0 

Operation 

Output Equation 

0 ' 

0 

0 

Floating-point addition 
(RPLUSS) 

F = R + S 

0 

0 

1 

Floating-point subtraction 
(R MINUS S) 

F = R - S 

0 

1 

0 

Floating-point multiplication 
(R TIMES S) 

F = R " S 

0 

1 

1 

Floating-point constant 
subtraction (2 MINUS S) 

F = 2-S 

1 

0 I 

0 

Integer-to-floating-point / ' i 

conversion (INT-TO-FP) 

F (floating-point) = R (integer) 

1 

0 

' 

1 

Ftoating-point-to-integer 
conversion (FP-TO-INT) 

F (integer) = R (floating-point) 

1 

1 

0 

lEEE-TO-DEC format conversion 
(lEEE-TO-DEC) i 

F (DEC format) = R (IEEE format) 


1 

_I 

DEC-TO-IEEE format conversion 
(DEC-TO-IEEE) 

F (IEEE format) = R (DEC format) 


The floating-point-to integer conversion (FP-TO-INT) operation 
takes a floating-point number on port R and places the equivalent 
32-bit, two’s complement integer value on port F. The operand on 
port S is not used in this operation; its valu e will not affect the 
operation in any way. in IEEE mode (lEEE/DEC = HIGH) the 
operand on port R is interp reted using the IEEE floating-point 
format; in DEC mode (lEEE/DEC = LOW) it is interpreted using 
the DEC floating-point format. 

The lEEE-to-DEC conversion operation (lEEE-TO-DEC) takes 
an lEEE-format floating-point number on port R and places the 
equivalent DEC-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. T he operation can be performed 
in either IEEE mode (lEEE/DEC - HIGH) or DEC mode (IEEE/ 
DEC = LOW). 

The DEC-to-IEEE conversion operation (DEC-TO-IEEE) takes 
a DEC-format floating-point number on port R and places the 
equivalent lEEE-format floating-point number on port F. The 
operand on port S is not used in this operation; its value will not 
affect the operation in any way. T he operation can be performed 
in eith er IEEE mode (lEEE/DEC = HIGH) or DEC mode (IEEE/ 
DEC = LOW). 


Status Flag Generator 


The status flag generator controls the state of six flags that report 
the status of floating-point ALU operations. The flags indicate 
when an operation is invalid (e.g., infinity times zero) or when an 
operation has produced an overflow, an underflow, a non- 
numerical result (e.g., a NAN or DEC reserved operand), an 
inexact result, or a result of zero. The flags represent the status of 
the most-recently-performed operation. Flag status is stored in 
the flag status register on the LOW-to-HIGH transition of CLK. 
When the output register feedthrough control FTi is HIGH, the 
flag status register is made transparent. 


Data Path 


The 32-bit data path consists of the R and S input buses, the F 
output bus, data registers R, S, and F, the register R input multi¬ 
plexer, and the ALU port S input multiplexer. 


Input operands enter the floating-point processor through the 
32-bit R and S input buses, Rq-Rsi and S 0 --S 31 . Results 
of operations appear on the 32-bit F bus, Fq-Fs-i. The F 
bus assumes a high-impedance state when output enable 
OE is HIGH. 

The R and S registers store input operands; the F register stores 
the final result of the floating-point ALU opera tion . Eac h register 
has an independent clock enable (ENR, ENS and ENF). When a 
register’s clock enable is LOW, the register stores the data on its 
input at the LOW-to-HIGH transition of CLK; when the clock 
enable is HIGH, the register retains its current data. All data 
registers are fully edge-triggered - both the input data and the 
register enable need only meet modest setup and hold time 
requirements. Registers R and S can be made transparent by 
setting FTq, the input register feedthrough control, HIGH. Regis¬ 
ter F can be made transparent by setting FTi, the output register 
feedthrough control, HIGH. 

The register R input multiplexer selects either the R input bus or 
the floating-point ALU’s F port as the input to register R. Selection 
is controlled by I 4 - a LOW selects the R input bus; a HIGH 
selects the ALU F port. The ALU port S input multiplexer selects 
either register S or register F as the input to the floating-point 
ALU’s S port. Selection is controlled by I 3 - a LOW selects 
register S; a HIGH selects register F. 

Data selected by I 3 and I 4 is described in the Mux Select Tables. 
When registers R and S are transparent (FTq = HIGH) multi¬ 
plexer select I 4 must be kept LOW, so that the register R input 
multiplexer selects R 0 -R 31 • When register F is transparent (FTi 
= HIGH) multiplexer select I 3 must be kept LOW, so that the ALU 
port S input multiplexer selects register S. 


MUX SELECT TABLES 


•3 

Data selected for floating-point ALU S port 

0 

Register S 

1 

Register F 

I4 

Data selected for register R input 

0 

R bus 

1 

Floating-point ALU port F 
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I/O MODES 


The Am29325 data path can be configured in one of three I/O 
modes: a 32-bit, two-input-bus mode; a 32-bit, single-input-bus 
mode; and a 16-bit, two-input-bus mode. These modes affect 
only the manner in which data is delivered to and taken from the 
Am29325; operation of the floating-point ALU is not altered. The 
I/O mode is selected with the ONEBUS and SI 6/32 controls. The 
I/O Mode Selection Table lists the control codes needed to 
invoke each I/O mode. 


I/O MODE SELECTION TABLE 


S16/32 

ONEBUS 

I/O Mode 

0 

0 

32-bit, two-input-bus mode 

0 

1 

32-bit, single-input-bus mode(*) 

1 

0 

16-bit, two-input-bus mode(*) 

1 

1 

Illegal I/O mode selection value 


(*)FTo must be held LOW in this mode (see text). 


32-Blt, Two-Input-Bus Mode 


In this I/O mode, the R and S buses are configured as indepen¬ 
dent 32-bit input buses, and the F bus is configured as a 32-bit 
output bus. Figure 2 is a functional block diagram of the Am29325 
in this I/O mode. 


R and S operands are taken from their respective input buses and 
clocked into the R and S registers on the LOW-to-HIGH transition 
of CLK. Register F is also clocked on the LOW-to-HIGH transition 
of CLK. Figure 5(a.) depicts typical I/O timing in this mode. 


32-Bit, Single-Input-Bus Mode 


In this I/O mode, the R and S buses are connected to a single 
32-bit multiplexed input data bus; the F bus is configured as an 
independent 32-bit output bus. Figure 3 is a functional block 
diagram of the Am29325 in this I/O mode. Note that both the R 
and S bus lines must be wired to the input bus. 

R and S operands are multiplexed onto the input bus by the host 
system. The S operand is clocked from the input bus into a 
temporary holding register on the HIGH-to-LOW transition of 
CLK and is transferred to register S on the LOW-to-HIGH transi¬ 
tion of CLK. The R operand is clocked from the input bus into 
register R on the LOW-to-HIGH transition of CLK. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Figure 5(b.) 
depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly if the R and S registers are made transparent. Therefore 
input register feedthrough control FTq must be held LOW in this 
mode. 


Figure 2. Functional Block Diagram for the 32-Blt, Two-Input-Bus Mode 
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Figure 3. Functional Block Diagram for the 32-Bit, Singje-Input-Bus Mode 
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16-Bit, Two-Input-Bus Mode 


OPERATION IN IEEE MODE 


In this I/O mode, the R and S buses are configured as indepen¬ 
dent 16-bit input buses, and the F bus is configured as a 16-bit 
output bus. Figure 4 is a functional block diagram of the Am29325 
in this I/O mode. Note that the 16 LSBs and 16 MSBs of the R, S 
and F buses must be wired to their respective system buses in 
parallel. 

Thirty-two-bit operands are passed along the 16-bit data buses 
b^ time-multiplexing the 16 LSBs and 16 MSBs of each 32-bit 
word. For the R input bus, the host system multiplexes the 16 
LSBs and 16 MSBs of the R operand onto the 16-bit R bus. The 16 
LSBs of the R operand are stored in a temporary holding register 
on the HIGH-to-LOW transition of CLK. The 16 MSBs are clocked 
into register R on the LOW-to-HIGH transition of CLK; at the 
same time, the 16 LSBs are transferred from the temporary 
holding register to register R. Transfer of data from the S input bus 
to the S register takes place in a similar fashion. Register F is 
clocked on the LOW-to-HIGH transition of CLK. Circuitry internal 
to the Am29325 multiplexes data from register F onto the 16-bit 
output bus by enabling the 16 LSBs of the F output bus when CLK 
is HIGH, and enabling the 16 MSBs of the F output bus when CLK 
is LOW. Figure 5(c.) depicts typical I/O timing in this mode. 

When placed in this I/O mode, the data path will not function 
properly if the R and S registers are made transparent. Therefore 
input register feedthrough control FTq must be held LOW in this 
mode. Caution must also be taken iri controlling the register R 
input multiplexer control line, I 4 , in this I/O mode. I 4 should be 
changed only when CLK is HIGH, in addition to meeting the setup 
and hold time requirements given in the Switching Characteris¬ 
tics section. 


When input signal lEEE/DEC is HIGH, the IEEE mode of opera¬ 
tion is selected. In this mode the Am29325 uses the floating-point 
format set forth in the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic, P754. In addition, the IEEE mode 
complies with most other aspects of single-precision floating¬ 
point operation outlined in the proposed standard - differences 
are discussed in Appendix A. 


IEEE Floating-Point Format 


The IEEE single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 6 . The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 

The sign bit indicates the sign of the floating-point number’s 
value. Non-negative values have a sign of 0; negative values, a 
sign of 1. The value zero may have either sign. 

The biased exponent is an,eight-bit unsigned integer field repre¬ 
senting a multiplicative factor of some power of two. The bias 
value is 127. If, for example, the multiplicative factor for a 
floating-point number is to be 2 ^, the value of the biased expo¬ 
nent would be a+127; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number’s 24-bit man¬ 
tissa. The weight of fraction’s most significant bit is 2 “"’; the 
weight of the least-significant bit is 2 ~23 
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Figure 4. Functional Block Diagram for the 16-Bit, Two-Input-Bus Mode 
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A floating-point number Is evaluated or interpreted per the fol¬ 
lowing conventions: 

let s = sign bit 

e = biased exponent 
f = fraction 

if e = 0 and f = 0 ... value = (-1)^*{0) (-hO, -0) 
if e = 0 and f < > 0 . .. value = denormalized number 

if 0 < e < 255 . . value = f) 

(normalized number) 

if e = 255 and f = 0 . . value = (-t-x, -x) 

if e = 255 and f < > 0 . . . value = not-a-number (NAN) 

Zero - The value zero can have either a positive or negative sign. 
Rules for determining the sign of a zero produced by an operation 
are given in the Sign Bit section on page 12. 

Denormalized Number - A denormalized number represents a 
quantity with magnitude less than 2 “‘•26 but greater than zero. 


Normalized Number - A normalized number represents a 
xiuantity with magnitude greater than or equal to 2~'*26 but less 
than 2^28 

Example 1: 

The number +3.5 can be represented in floating-point format 
as follows: 

+3.5=11.12x20 

= I.II 2 X 2^ 

sign = 0 

biased exponent = 1 10 +12710 = 128io 
= IOOOOOOO 2 

fraction = IIOOOOOOOOOOOOOOOOOOOOO 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
4060000016- 
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Figure 6. IEEE Mode Single-Precision Floating-Point Format 


SIGN 

BIT (S) 


BIASED 
EXPONENT (E) 




FRACTION (F) 

31 

30 

29 

28 27 26 25 

24 

23 

22 

21 20 19 18 ^ 4 3 2 1 0 

□ 

\ll 

26 

1 _ 1 

1 i 1 1-1 

25 2* 2® 22 

1 _1_1_1_1 

21 

I_I 

3 

E 

'r"“I [“1 1 y 1 T 1 1 1 

2-2 2~5 2 ~^ 2~^ • • • 2—19 2—20 2—21 2—22 2—23 

J- 1 - 1 -\—1 -L —\ - 1 - 1 - 1 - 


VALUE = (-I)S (2^-127) (i p) 
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Example 2: 

The number -11.375 can be represented in floating-point for¬ 
mat as follows: 

-11.375 = -IOII.OII 2 X 2° 

= -1.0110112X23 

sign = 1 

biased exponent = 3io+127io = 130io 
= IOOOOOIO 2 

fraction = OIIOIIOOOOOOOOOOOOOOOOO 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
C1360000 i6. 

Infinity - Infinity can have either a positive or negative sign. The 
way in which infinities are interpreted is de term ined by the state of 
the projective/affine mode select, PROJ/AFF. 


Not-a-Number - A not-a-number, or NAN, does not represent a 
numeric value, but is interpreted as a signal or symbol. NANs are 
used to indicate invalid operations, and as a means of passing 
process status information through a series of calculations. NANs 
arise in two ways: they can be generated by the Am29325 to 
indicate that an invalid operation has taken place (e.g., infinity 
times zero), or they can be provided by the user as an input 
operand. There are two types of NANs: signalling and quiet. 
These NANs have the formats shown in Figure 7. 


IEEE Mode Integer Format 


Integer numbers are represerited as 32-bit, two’s complement 
words; Figure 8 depicts the integer format. The integer word can 
represent a range of integer values from -231 to 


Figure 7. Signalling and Quiet NAN Formats 


SIGN BIASED 

BIT EXPONENT FRACTION 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

SIGNALLING NAN X 1 1 1 1 1 1 1 l X X X X X X X X X X X X X X X X X X X X X 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

QUIET NAN I X | 1 1 1 1 1 1 1 1 | 0 X X X X X X X XXX X X X X X X X X X X xT 


X - DON’T CARE leaST ONE OF THE 

TWENTY-TWO LSBs OF A QUIET NAN 
MUST BE 1 
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Figure 8. Thirty-Two-Bit integer Format 


31 30 29 28 27 26 25 


— \ —I— \ — \ —[—I—\—r 

-231 230 229 228 227 226 225 2 ^* 

_I_I_I_I_ \ _I I 1 


1 - 1 - 1 - 1 - ] - 1 - 1 - 1 - 1 - 

28 27 2 ® 2 ® 2 ^ 2 ® 22 2 ^ 2 ® 

J _I_ 1 _ \ _I_I_I_I_I_ 
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Operations 

All eight floating-point ALU operations discussed in the Func¬ 
tional Description section above can be performed in IEEE mode. 
Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The lEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 
lEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 


Operations with NANs - NANs arise in two ways: they can be 
generated by the Am29325 to indicate that an invalid operation 
has taken place (e.g., infinity times zero), or they can be provided 
by the user as an input operand. There are two types of 
NANs: signalling and quiet. These NANs have the formats 
shown in Figure 7. 

Signalling NANs set the invalid operation flag when they appear 
as an input operand to an operation. They are useful for indicating 
uninitialized variables, or for implementing user-designed exten¬ 
sions to the operations provided. The ALU never produces a 
signalling NAN as the final result of an operation. 

Quiet NANs are generated for invalid operations. When they 
appear as an input operand, they are passed through most oper¬ 
ations without setting the invalid flag, the floating-point-to- 
integer conversion operation being the exception. 

The sign of any input operand NAN is ignored. All quiet NANs 
produced as the final result of an operation have a sign of 0 . 

When a NAN appears as an input operand, the final result of the 
operation is a quiet NAN that is created by taking the input NAN 
and forcing bit 22 LOW and bit 21 HIGH. If an operation has two 
NANs as input operands, the resulting quiet NAN is created using 
the NAN on the R port. 

When a quiet NAN is produced as the final result of an invalid 
operation whose input operand or operands are not NANs, the 
resulting NAN will always have the value 7FA00000i6- 

The NAN flag will be HIGH whenever an operation produces a 
NAN as a final result. 

Example 1: 

Suppose the floating-point addition operation is performed 
with the following input operands: 

R port: 3F800000 i6 (1.0*20) 

S port: 7FC12345 i 6 (signalling NAN) 

Result: The signalling NAN on the S port is converted to 
a quiet NAN by forcing bit 22 LOW and bit 21 HIGH. 
The operation’s final result will be 7FA12345i6- Since 
one of the two input operands is a signalling NAN, 
the invalid flag will be HIGH; the NAN flag will also 
be HIGH. 

Example 2 : 

Suppose the floating-point multiplication operation is per¬ 
formed with the following input operands: 

R port: FFF11111i6 (signalling NAN) 

S port: 7FC2222216 (quiet NAN) 

Result: Since both input operands are NANs, the NAN on the 
R port is chosen for output. In addition to forcing bit 22 
LOW, the sign bit (bit 31) is set LOW (bit 21 is already 
HIGH, and need not be changed). The operation’s final 
result will be 7FB11111-|6- Since one of the two input 
operands is a signalling NAN, the invalid flag is HIGH; 
the NAN flag will also be HIGH. 


Example 3: 

Suppose the floating-point subtraction operation is performed 
with the following input operands: 

R port: FF800001 16 (quiet NAN) 

Sport: 7F800000 i6 ( + ^) 

Result: To create the final result, the quiet NANs sign bit (bit 
31) is forced LOW and bit 21 is forced HIGH (bit 22 is 
already LOW, and need not be changed). The final 
result will be 7FA00001 16 . The NAN flag will be HIGH. 

Operations with Denormalized Numbers - The proposed 
IEEE standard incorporates denormalized numbers to allow a 
means of gradual underflow for operations that produce non-zero 
results too small to be expressed as a normalized floating-point 
number. The Am29325 does not support gradual underflow. If a 
floating-point operation produces a non-zero rounded result that 
is not large enough to be expressed as a normalized floating¬ 
point number, the final result will be a zero of the same sign; the 
inexact, underflow, and zero flags will be HIGH. If an input 
operand is a denormalized number, the floating-point ALU will 
assume that operand to be a zero of the same sign. 

Operations Producing Overfiows - If an operation has a finite 
input operand or operands, and if the operation produces a 
rounded result that is too large to fit in the destination format, that 
operation is said to have overflowed. 

A floating-point overflow occurs if an R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2'•28. Positive or negative infinity will appear as 
the final result if the rounded result i^ positive or negative, respec¬ 
tively, and the overflow and inexact flags will be HIGH. 

Integer overflow occurs when the fixed-to-floating-point conver¬ 
sion operation attempts to convert a number which, after round¬ 
ing, is greater than 2^^ -1 or less than -2^1. The final result will 
be quiet NAN 7FA00000i6, and the invalid operation and NAN 
flags will be HIGH. Note that the overflow and inexact flags 
remain LOW for integer overflow. 

Operations Producing Underflows - If an operation produces 
a floating-point rounded result having a magnitude too small to be 
expressed as a normalized floating-point number, but greater 
than zero, that operation is said to have underflowed. Underflow 
occurs when an R PLUS S, R MINUS S, or R TIMES S operation 
produces a result which, after rounding, has a magnitude in the 
range: 

0 < magnitude < 2 ~ 126 . 

In such cases, the final result will be +0 (OOOOOOOOie) if the 
rounded result is non-negative, and -0 ( 8 OOOOOOO 16 ) if the 
rounded resultis negative. The underflow, inexact, and zero flags 
will be HIGH. 

Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than 0 and less than 1 but the rounded 
result is 0, the underflow flag remains LOW. 

Operations with Infinities - In most cases, positive and nega¬ 
tive infinity are valid input arguments for the R PLUS S, R MINUS 
S, R TIMES S, and 2 MINUS S operations. Those cases for which 
infinities are not valid inputs for these operations are listed in the 

IEEE Mode Invalid Operations Table (see next page). 

Infinities in IEEE mode can be handled either as proje ctive or 
affine. The projective mode is selected when PROJ/AFF is HIGH; 
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the affine mode is selected when PROJ/AFF is LOW. The only 
differences between the modes that are relevant to Am29325 
operation occur during the addition and subtraction of infinities; 


Operation 

Affine 

Mode 

Projective Mode 

( + x) + ( + x) 

Output +X 

Output 7FA00000ie (quiet NAN), 
set invalid and NAN flags 

(-x) + (-x) 

Output -=c 

Output 7FA00000 16 (quiet NAN), 
set invalid and NAN flags 

( + x)-(-x) 

Output -F-x 

Output 7FA00000 i 6 (quiet NAN), 
set invalid and NAN flags 

(-x)-(+x) 

Output 

Output 7FA00000 i 6 (quiet NAN), 
set invalid and NAN flags 


If an R PLUS S, R MINUS S, R TIMES S, or 2 MINUS S operation 
has infinity as an input operand or operands, the final result, if 
valid, is presumed to be exact. For example, adding +x and 2.0 
will produce a final result of +x; since the result is considered 
exact, the inexact flag remains LOW. 

Invalid Operations - If an input operand is invalid for the opera¬ 
tion to be performed, that operation is considered invalid. When 
an invalid operation is performed, the floating-point ALU pro¬ 
duces a quiet NAN as the final result, and the invalid operation 
flag goes HIGH. The IEEE Mode Invalid Operations Table lists 
the cases for which the invalid flag is HIGH in IEEE mode, and the 
final results produced for these operations. 

IEEE MODE INVALID OPERATIONS TABLE 


Operation 

Input Operand 

Final Result 

R PLUS S 

( + x) + (-X) 
or (-x) -I- ( + x) 

7FA00000i 6 
(quiet NAN) 

R PLUS S 

( + X) -f ( + x) 

or (~x) + (-x) (Note 1) 

7FA00000i 6 
(quiet NAN) 

R MINUS S 

( + X) - ( + x) 

or(-x)-(_x) 

7FA00000i 6 
(quiet NAN) 

R MINUS S 

( + X) - (-X) 

or (-X) - (+x) (Note 1) 

7FA00000i 6 
(quiet NAN) 

R TIMES S 

( + 0) * ( + x) 

or (+0) * (-X) 
or(-0)*( + x) 
or (-0) * (-X) 

7FA00000i 6 
(quiet NAN) 

R PLUS S 

R MINUS S 

R TIMES S ^ 

R or S is a signalling NAN 

(Note 2) 

2 MINUS S 

S is a signalling NAN 

(Note 2) 

FP-TO-INT . 

R is a signalling or quiet NAN 

(Note 2) 

FP-TO-INT 

R> 231-1 

1 or R < - (231) 

7FA00000i 6 
(quiet NAN) 


Notes: 1. These cases are invalid in projective mode only. 

2. Results for these operations are described in the Operations 
with NANs section. 


The Sign Bit 


For most floating-point operations, the sign bit of the final result is 
unambiguous, i.e., there is only one sign bit value that yields a 
numerically correct result. Operations that produce an infinitely 


precise result of zero, however, present a problem, as the IEEE 
floating-point format allows for representation of both -i-Oand -0. 
(It should be noted that floating-point operations producing 
underflow results output a zero of the same sign as the final 
result, and are therefore unambiguous.) The following rules can 
be used to determine the signs of zero produced in such cases: 

R PLUS S - The operations +x + (-x) and -x + {+x) produce a 
final result of zero; the sign of the zero is dependent on the 
rounding mode: 


Rounding Mode Sign of Final Result 


Round to nearest 

0 

Round toward -x 

1 

Round toward +x 

0 

Round toward 0 j 

0 


The operation +0 + ( + 0) produces a final result of +0; the 
operation -0 + (-0) produces a final result of -0. 

R MINUS S - The operations +x - (+x) and -x - (-x) produce 
a final result of zero; the sign of the zero is dependent on the 
rounding mode: 


Rounding Mode Sign of Result 


Round to nearest 

0 

Round toward -x 

T 

Round toward +x 

0 

Round toward 0 

0 


The operation +0 - (-0) produces a final result of +0; the 
operation -0 - (+0) produces a final result of -0. 

R TIMES S - The sign of any multiplication result other than a 
NAN is the exclusive-OR of the signs of the input operands. 
Therefore, if x is non-negative, 

+0 times +x produces a final result of +0, 

+0 times -X produces a final result of -0, 

-0 times +x produces a final result of -0, 

-0 times -x produces a final result of +0. 

2 MINUS S - If S equals 2, the final result is -0 for the round 
toward mode, and +0 for all other rounding modes. 


Rounding 


Rounding is performed whenever an operation produces an infi¬ 
nitely precise result that cannot be represented exactly in the 
destination format. For example, suppose a floating-point opera¬ 
tion produces the infinitely precise result 

1.10101010101010101010101X01 x 23. 

In this example, the fraction portion of the mantissa has twenty- 
five bits; the IEEE floating-point format can accommodate only 
twenty-three. The backslash (\) in the mantissa represents the 
boundary between the first twenty-three bits of the fraction and 
any remaining bits. Rounding is the process by which this result is 
approximated by a representation that fits the destination format. 
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There are four rounding modes in IEEE mode: round to nearest, 
round toward +^, round toward -^c, and round toward 0. The 
rounding mode is chosen using the rounding mode select lines, 
RNDq and RND^. The Rounding Mode Select Table lists the 
select states needed to obtain the desired rounding mode. 

ROUNDING MODE SELECT TABLE 


RNDi 

RNDo 

Rounding Mode 

0 

0 

Round to nearest 

0 

1 

Round toward -^c 

1 

0 

Round toward +x 

T . 

1 

Round toward 0 


Round to Nearest - In this rounding mode the infinitely precise 
result of an operation is rounded to the closest representation that 
fits in the destination format. If the infinitely precise result is 
exactly halfway between two representations, it is rounded to the 
representation having an LSB of zero. Rounding is performed 
both for floating-point and integer destination formats. 

Figure 9 illustrates four examples of the round to nearest process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 

Example 1; 

In Figure 9(a), the infinitely precise result of an operation is: 

220 + 2-4+2-5 = 1.00000000000000000000000 11 x 220. 


The result Is rounded to the closest representable floating-point 
value, 

220 + 2 -3 = 1.00000000000000000000001 x 220 . 

Example 2: 

In Figure 9{b), the infinitely precise result of an operation is: 
220-2-4+2-8 = 1.11111111111111111111111 0001 X 219. 

This result is rounded to the closest representable floating-point 
value, 

220-2-4 = 1.11111111111111111111111 X 219. 

Example 3: 

In Figure 9(c), the infinitely precise result of an operation is: 
-(220+2-3 + 2-4) 

= - 1 . 00000000000000000000001 X 1 x 220 . 

This result is exactly halfway between two representable 
floating-point values. Accordingly, it is rounded to the closest 
representation with an LSB of zero, or 

-(220+2*2-3) = -1.00000000000000000000010 X 220. 
Example 4: < 

In Figure 9(d), the infinitely precise result of an operation is: 

220+3*2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point 
format, and is left unaltered by the rounding process. 


Figure 9. Floating-Point Rounding Examples for Round to Nearest Mode 
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Figure 10 illustrates four examples of the round to nearest 
process for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the integer format. 

Example 1; 

In Figure 10(a), the infinitely precise result of an operation is: 
210 - 2-2 = 00 ... 001111111111 . 11 . 

The result is rounded to the closest representable integer value, 
210 = 00...010000000000. 

Example 2: 

In Figure 10(b), the infinitely precise result of an operation is: 
210 + 20 + 2-3 = 00 ... 010000000001 . 001 . 

This result is rounded to the closest representable floating-point 
value, 

210+20 = 00...010000000001. 


Example 3: 

In Figure 10(c), the infinitely precise result of an operation is: 
-( 210 + 20 + 2 - 1 ) = 11 ... 101111111110 . 1 . 

This result is exactly halfway between two representable integer 
values. Accordingly, it is rounded to the closest representation 
with an LSB of zero, or 

-( 210 + 2 * 20 ) = 11 ... 101111111110 . 

Example 4: 

In Figure 10(d), the infinitely precise result of an operation is: 
210 + 3*20 = 00 ... 010000000011 . 

This result can be represented exactly in the integer format, and 
is left unaltered by the rounding process. 


Figure 10. Integer Rounding Examples for Round to Nearest Mode 


-+-h-+- 


ROUND TO 2^0 

-JX- 


I I I I I 

_(210 + 3 ) _( 2 l 0 + 2 ) -( 2^0 + 1 ) -( 2 ^ 0 ) _(210 _ 


I y' I I I I 

2 l 0 _i / 2^0 2 ^° + 1 2 ^ 0+2 2^0 + 3 

o' 


2 2 round TO 210+.1 

cv 


ROUND TO -(2^0 + 2) 


♦ 

2IO + 2O + 2-3 


n. 




♦ 

_( 2 l 0 + 2 O + 2 - 1 ) 


■y—I—+ 


JUHANU 

Q 


2 IO 4. 3 . 2 ° 


05621A-12 



3-15 


Refer to Po^ 13-1 for Essential Information on Military Devices 



Am29325 


Round Toward -oo - in this rounding mode the result of an 
operation is rounded to the closest representation that is less than 
or equal to the infinitely precise result, and which fits the destina¬ 
tion format. Rounding is performed both for floating-point and 
integer destination formats. 

Figure 11 illustrates four examples of the round toward pro¬ 
cess for operations having a floating-point destination format. 
The infinitely precise result of an operation is represented by an X 
on the number line; the black dots on the number line indicate 
those values that can be represented exactly in the floating-point 
format. 

Example 1; 

In Figure 11(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = I.OOOOOOOOOOOOOOpOOOOOOOOMI x 220 . 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point repre¬ 
sentation: 

220 = 1.00000000000000000000000 X 220. 

Example 2: 

In Figure 11(b), the infinitely precise result of an operation is: 
220- 2 -4+ 2 -8 = 1.11111111111111111111111X0001 x 219. 


This result cannot be represented exactly in floating-point for¬ 
mat, and is rounded to the next-smaller floating-point rep¬ 
resentation: 

220-2-4 = 1.11111111111111111111111 X 219. 


Example 3: 

In Figure 11(c), the infinitely precise result of an operation is: 
-(220+2-3+2-4) 

= -1.00000000000000000000001X1 x220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-smaller floating-point 
representation: 

-(220+2*2-3) = -1.00000000000000000000010 x 220 . 


Example 4: 

In Figure 11(d), the infinitely precise result of an operation is: 
220 +3*2-3 = 1.00000000000000000000011 x 220 . 

This result can be represented exactly in the floating-point 
format, and is left unaltered by the rounding process. 


Figure 11. Floating-Point Rounding Examples for Round Toward - oo Mode 
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Figure 12 illustrates four examples of the round toward pro¬ 
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 12(a), the infinitely precise result of an operation is; 
210 - 2-2 = 00 ... 001111111111 . 11 . 

The result is rounded to the next-smaller representable integer 
value, 

210-20 = 00...0011 111 11111 . 

Example 2: 

In Figure 12(b), the infinitely precise result of an operation is: 
210+20+2-3 - 00...010000000001.001. 


This result is rounded to the next-smaller representable integer 
value, 

210+20 = 00:..010000000001. 

Example 3: 

In Figure 12(c), the infinitely precise result of an operation is: 
-(210+20+2-1) = 11...101111111110.1. 

This result is rounded to the next-smaller representable integer 
value: 

-(210+2*20) = 11...101111111110. 

Example 4: 

In Figure 12(d), the infinitely precise result of an operation is: 
210+3*20 = 00...010000000011. 

This result can be represented exactly in the integer format, and 
is unaltered by the rounding process. 


Figure 12. Integer Rounding Examples for Round Toward - oo Mode 
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Round Toward +?» - In this rounding mode the result of an 
operation is rounded to the closest representation that is greater 
than or equal to the infinitely precise result, and which fits the 
destination format. Rounding is performed both for floating-point 
and integer destination formats. 

Figure 13 illustrates four examples of the round toward 
process for operations having a floating-point destination 
format. The infinitely precise result of an operation is represented 
by an X on the number line; the black dots on the number line 
indicate those values that can be represented exactly In the 
floating-point format. 

Example 1: 

In Figure 13(a), the infinitely precise result of an operation is: 
220+2-4+2-5 = 1.00000000000000000000000X11 X 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre¬ 
sentation: 

220 +2-3 = -1.00000000000000000000001 x 220. 

Example 2: 

In Figure 13(b), the infinitely precise result of an operation is: 
220 -2-4+2-8 = 1.11111111111111111111111X0001 x 219. 


This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre¬ 
sentation: 

220 = 1.00000000000000000000000X 220. 

Example 3: 

In Figure 13(c), the infinitely precise result of an operation is: 
-(220+2-3+2-4) 

= -1.00000000000000000000001XI x 220 . 

This result cannot be represented exactly in floating-point 
format, and is rounded to the next-larger floating-point repre¬ 
sentation: 

-(220+ 2-3) = -1.00000000000000000000001 x 220. 

Example 4: 

In Figure 13(d), the infinitely precise result of an operation is: 
220 +3*2-3 = 1.00000000000000000000011 x 220 . 

This result can be represented exactly in the floating-point for¬ 
mat - no rounding takes place. 


Figure 13. Floating-Point Rounding Examples for Round Toward + oo |\/iode 
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Figure 14 illustrates four examples of the round toward pro¬ 
cess for operations having an integer destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 14(a), the infinitely precise result of an operation is: 
210 - 2-2 = 00 ... 001111111111 . 11 . 

The result is rounded to the next-larger representable integer 
value, 

210 = 00 ... 010000000000 . 

Example 2: 

In Figure 14(b), the infinitely precise result of an operation is: 
210+20+2-3 = 00...010000000001.001. 


This result is rounded to the next-larger representable integer 
value, 

210 + 2*20 = 00 ... 010000000010 . 

Example 3: 

In Figure 14(c), the infinitely precise result of an operation is: 
_(2l0+20+2-l) = 11.101111111110.1 

This result is rounded to the next-larger representable integer 
value: 

-(210+20) = 11...1011111111110. 

Example 4: 

In Figure 14(d), the infinitely precise result of an operation is: 
210+3*20 = 00...010000000011. 

This result can be represented exactly in the integer format - no 
rounding takes place. 


Figure 14. Integer Rounding Examples for Round Toward + oo Mode 
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Round Toward 0 - In this rounding mode the result of an 
operation is rounded to the closest representation whose mag¬ 
nitude is less than or equal to the infinitely precise result, and 
which fits the destination format. Rounding is performed both for 
floating-point and integer destination formats. 

Figure 15 illustrates four examples of the round toward 0 process 
for operations having a floating-point destination format. The 
infinitely precise result of an operation is represented by an X on 
the number line; the black dots on the number line indicate those 
values that can be represented exactly in the floating-point 
format. 


Example 1: 

In Figure 15(a), the infinitely precise result of an operation is: 

220+ 2-4+2-5 = 1.00000000000000000000000X11 x 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to; 

220 1.00000000000000000000000 X 220. 


Example 2: 

In Figure 15(b), the infinitely precise result of an operation is: 
220- 2 -4 + 2-8 =.1.11111111111111111111111X001 X 219. 

This result cannot be represented exactly ih floating-point 
format, and is rounded to: 

220-2-4 = 1.11111111111111111111111 X 219. 

Example 3; 

In Figure 15(c), the infinitely precise result of an operation is: 
-(220+2-3+2-4) 

= -1.00000000000000000000001X1 X 220. 

This result cannot be represented exactly in floating-point 
format, and is rounded to: 

-(220+ 2-3) = -1.00000000000000000000001 x 220. 
Example 4: 

In Figure 15(d), the infinitely precise result of an operation is: 
220+3*2-3 = 1.00000000000000000000011 x 220. 

This result can be represented exactly in the floating-point 
format, and is unaffected by the rounding process. 


Figure 15. Floating-Point Rounding Examples for Round Toward 0 Mode 
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Figure 16 illustrates four examples of the round toward 0 process 
for operations having an integer destination format. The infinitely 
precise result of an operation is represented by an X on the 
number line; the black dots on the number line indicate those 
values that can be exactly represented in the integer format. 

Example 1: 

In Figure 16(a), the infinitely precise result of an operation is; 
210 - 2-2 = 00 ... 001111111111 . 11 . 

The result is rounded to: 

210-20 = 00...001111111111. 

Example 2; 

In Figure 16(b), the infinitely precise result of an operation is: 
210 + 20 + 2-3 = 00 ... 010000000001 . 001 . 

The result is rounded to: 

210+20 = 00...010000000001. 

Example 3: 

In Figure 16(c), the infinitely precise result of an operation is; 
-(210+20+2-1) = 11...101111111110.1. 

This result is rounded to: 

-( 210 + 20 ) = 11 ... 101111111111 . 

Example 4; 

In Figure 16(d), the infinitely precise result of an operation is: 
210 + 3*20 = 00 ... 010000000011 . 

This result can be represented exactly in the integer format, and 
is unaffected by the rounding process. 


Flag Operation 


The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is a summary of flag conven¬ 
tions in IEEE mode: 

Invalid Operation Flag - The invalid operation flag is HIGH 
when an input operand is invalid for the operation to be per¬ 
formed. The IEEE Mode Invalid Operations Table on page 12 
lists the cases for which the invalid operation flag is HIGH in IEEE 
mode, and the corresponding final result. In cases where the 
invalid operation flag is HIGH, the overflow, underflow, zero, and 
inexact flags are LOW; the NAN flag will be HIGH. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, 
R MINUS S, R TIMES S, or 2 MINUS S operation with finite in¬ 
put operand(s) produces a result which, after rounding, has a 
magnitude greater than or equal to 2 128. The final result will be 

+ x or -X. 

Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS S, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 

0 < magnitude < 2 - 126 . 

The final result will be +0 (00000000-)e) if the rounded result is 
non-negative, and -0 (SOOOOOOO-ig) if the rounded result is 
negative. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflow flag is HIGH, the inexact flag 
will also be HIGH. 


Figure 16. Integer Rounding Examples for Round Toward 0 Mode 
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Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an IEEE floating¬ 
point number, the flag accompanies outputs +0 (OOOOOOOO-ie) 
and -0 ( 80000000 - 16 ). For operations producing an integer, the 
flag accompanies the output 0 (OOOOOOOOie). 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a NAN 
as a final result. 


OPERATION IN DEC MODE 


When input signal lEEE/DEC is LOW, the DEC mode of operation 
is selected. In this mode the Am29325 uses the single-precision 
floating-point format (floating F) set forth in Digital Equipment 
Corporation’s VAX Architecture Manual. In addition, the DEC 
mode complies with most other aspects of single-precision 
floating-point operation outlined in the manual - differences are 
discussed in Appendix B. 


DEC Floating-Point Format 


The DEC single-precision floating-point word is thirty-two bits 
wide, and is arranged in the format shown in Figure 17. The 
floating-point word is divided into three fields: a single-bit sign, 
an eight-bit biased exponent, and a 23-bit fraction. 

The sign bit indicates the sign of the floating-point number’s 
value. Non-negative values have a sign of 0, negative values a 
sign of 1. 

The biased exponent is an eight-bit unsigned integer field repre¬ 
senting a multiplicative factor of some power of two. The bias 
value is 128. If, for example, the multiplicative factor for a 
floating-point number is to be 2a, the value of the biased expo¬ 
nent would be a-f 128; a is called the true exponent. 

The fraction is a 23-bit unsigned fractional field containing the 23 
least-significant bits of the floating-point number’s 24-blt man¬ 
tissa. The weight of this field’s most significant bit is 2~2; the 
weight of the least-significant bit is 2~24. 

A floating-point number is evaluated or interpreted per the fol¬ 
lowing conventions; 

let s = sign bit 

e = biased exponent 
f = fraction 

if e = 0 and s = 0 ... value = 0 

if e = 0 and s = 1 ... value = DEC reserved operand 

if 0 < e ^ 255 . . value = (-l)s*( 2 e- 128 )*(.if) 

(normalized number) 

Zero - The value zero always has a sign of zero. 


DEC Reserved Operand - A DEC reserved operand does not 
represent a numeric value, but is interpreted as a signal or sym¬ 
bol. DEC reserved operands are used to indicate Invalid opera¬ 
tions and operations whose results have overflowed the destina¬ 
tion format. They may also be used to pass symbolic information 
from one calculation to another. 

Normalized Number - A normalized number represents a 
quantity with magnitude greater than or equal to 2-128 put less 
than 2127. 

Example 1 : 

The number +3.5 can be represented in floating-point format as 
follows: 

+3.5=11.12x20 
= .1112 X 22 

sign = 0 

biased exponent = 2 io + 128io = 130io 
= 1000001O 2 

fraction = 11 0 OOOOOOOOOOOOOOOOOOOO 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
4160000016- 
Example 2: 

The number -11.375 can be represented in floating-point 
format as follows: 

-11.375 = -IOII.OII 2 X 20 
= -.10110112x24 

sign =1 

biased exponent = 4io + 128io = 132io 
= 100001OO 2 

fraction = 011011OOOOOOOOOOOOOOOOO 2 

(the leading 1 is implied in the format) 

Concatenating these fields produces the floating-point word 
C2360000 i6. 


DEC Mode Integer Format 


DEC mode integer format is identical to that of the IEEE mode. 
Integer numbers are represented as 32-bit, two’s complement 
words; Figure 7 depicts the integer format. The integer word can 
represent a range of integer values from -231 to 231 -1. 


Operations 


All eight floating-point ALU operations discussed in the Gen¬ 
eral Description section can be performed in DEC mode. 


Figure 17. DEC-Mode Floating-Point Format 
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Various exceptional aspects of the R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, INT-TO-FP, and FP-TO-INT operations 
for this mode are described below. The lEEE-TO-DEC and 
DEC-TO-IEEE operations are discussed separately in the 

lEEE-TO-DEC and DEC-TO-IEEE Operations section on 
page 23. 

Operations with DEC Reserved Operands - DEC reserved 
operands arise in two ways; they can be generated by the 
Am29325 to indicate that an invalid operation or floating-point 
overflow has taken place, or they can be provided by the user as 
an input operand. 

When a DEC reserved operand appears as an input operand, the 
final result of the operation is the same DEC reserved operand. If 
an operation has two DEC reserved operands as inputs, the DEC 
reserved operand on the R port becomes the final result. 

The NAN flag will be HIGH whenever an operation produces a 
DEC reserved operand as a final result. 

Example 1; 

Suppose the floating-point addition operation is performed with 
the following input operands: 

R port: 4080000016 (0.1*21) 

S port: 80012345 i 6 (DEC reserved operand) 

Result: This operation produces the DEC reserved operand on 
the S port, 8001 2345 i 6, as the final result. The NAN flag 
will be HIGH. 

Example 2; 

Suppose the floating-point multiplication operation is performed 
with the following input operands: 

R port: 80765432 i 6 (DEC reserved operand) 

S port: 80000001 16 (DEC reserved operand) 

Result: Since both input operands are DEC reserved operands, 
the operand on the R port, 80765432i6, is the final 
result of the operation. The NAN flag will be HIGH. 

Operations Producing Overflows - If an operation produces a 
rounded result that is too large to fit in the destination format, that 
'Operation is said to have overflowed. 

A floating-point overflow occurs if a R PLUS S, R MINUS S, R 
TIMES S, or 2 MINUS S operation with finite input operand(s) 
produces a result which, after rounding, has a magnitude greater 
than or equal to 2127. jpe final result in such cases will be DEC 
reserved operand SOOOOOOOie: the overflow, inexact, and NAN 
flags will be HIGH. 

Integer overflow occurs when the fixed-to-floating-point conver¬ 
sion operation attempts to convert to integer a floating-point 
number which, after rounding, is greater than 231 _ i or less than 
-231. The final result in such cases will be DEC reserved 
operand 8 OOOOOOO 16 ; the invalid operation flag will be HIGH. 
Note that the overflow and inexact flags remain LOW for integer 
overflow. 

Operations Producing Underflows - If an operation produces 
a floating-point result which, after rounding, has a magnitude 
too small to be expressed as a normalized floating-point num¬ 
ber, but greater than zero, that operation is said to have under¬ 
flowed. Underflow occurs when an R PLUS S, R MINUS S, or R 
TIMES S operation produces a result which, after rounding, 
has magnitude: 

0 < magnitude < 2 - 128 . 

The final result in such cases will be 0 (OOOOOOOO 16 ). The under¬ 
flow, inexact, and zero flags will be HIGH. 


Underflow does not occur if the destination format is integer. If the 
infinitely precise result of a floating-point-to-integer conversion 
has a magnitude greater than 0 and less than 1 , but the rounded 
result is 0, the underflow flag remains LOW. 

Invalid Operations - If an input operand is invalid for the opera¬ 
tion to be performed, that operation is considered invalid. In DEC 
mode, there are only two invalid operations: 

- Performing a floating-point-to-integer conversion on a value 
too large to be expressed as a 32-bit integer. In this case the 
final result will be DEC reserved operand 8 OOOOOOO 16 , and the 
invalid operation and NAN flags will be HIGH. 

- Performing a floating-point-to-integer conversion on a DEC 
reserved operand. In this case the final result will be the input 
DEC reserved operand, and the invalid operation and NAN 
flags will be HIGH. 


Sign Bit 


For all operations producing a DEC floating-point result, the sign 
bit of the final result is unambiguous, i.e., there is only one sign bit 
value that yields a numerically correct result. 


Rounding 


There are four rounding modes for DEC operation: round to 
nearest, round toward +^, round toward and round toward 0 . 
The round toward +^, round toward - and round toward 0 
modes are performed in a manner identical to that for IEEE 
operation; refer to the Rounding section under Operation in 
IEEE Mode on page 12. The round to nearest mode is similar to 
that for IEEE operation, but differs in one respect: for the case in 
which the infinitely-precise result of an operation is exactly 
halfway between two representable values, DEC round to 
nearest mode rounds to the value with the larger magnitude, 
rather than to the value whose LSB is 0. 


Flag Operation 


The Am29325 generates six status flags to monitor floating-point 
processor operation. The following is a summary of flag operation 
in DEC mode: 

Invalid Operation Flag - The invalid operation flag is HIGH if the 
FP-TO-INT operation is performed on a floating-point number too 
large to be converted to an integer, or on a DEC reserved 
operand. If the FP-TO-INT operation is performed on a floating¬ 
point number too large to be converted to integer, the final result is 
the DEC reserved operand 8 OOOOOOO 16 . If the FP-TO-INT oper¬ 
ation is performed on a DEC reserved operand, that operand 
becomes the final result. 

Overflow Flag - The overflow flag is HIGH if an R PLUS S, R 
MINUS S, R TIMES S, or 2 MINUS S operation produces a result 
which, after rounding, has a magnitude greater than or equal to 
2127. The final result will be the DEC reserved operand 
8 OOOOOOO 16 . 
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Underflow Flag - The underflow flag is HIGH if an R PLUS S, R 
MINUS $, or R TIMES S operation produces a result which, after 
rounding, has a magnitude in the range: 

■ 0 < magnitude < 2 - 128 . 

The final result will be 0 (OOOOOOOOie) in such cases. 

Inexact Flag - The inexact flag is HIGH if the final result of an R 
PLUS S, R MINUS S, R TIMES S, 2 MINUS S, INT-TO-FP, or 
FP-TO-INT operation is not equal to the infinitely precise result. 
Note that if the underflow or overflow flag is HIGH, the Inexact flag 
will also be HIGH. 

Zero Flag - The zero flag is HIGH if the final result of an 
operation is zero. For operations producing an integer or a DEC 
floating-point number, the flag accompanies the output 0 
(OOOOOOOO-ie)- (It should be noted that any operation producing a 
floating-point 0 in DEC mode will output OOOOOOOOie.) 

NAN Flag - The NAN flag is HIGH if an R PLUS S, R MINUS S, R 
TIMES S, 2 MINUS S, or FP-TO-INT operation produces a DEC 
reserved operand as the final result. 


lEEE-TO-DEC AND DEC-TO-IEEE OPERATIONS 


The lEEE-TO-DEC and DEC-TO-IEEE operations are used to 
convert floating-point numbers between the IEEE and DEC for¬ 
mats. _Both operations work in a manner independent of the 
lEEE/DEC mode control. 


lEEE-TO-DEC Conversion 


This operation converts an IEEE floating-point number to DEC 
floating-point format. Most conversions are exact; in no case 


does the round mode have any affect on the final result. There 
are, however, a few exceptional cases; 

a. ) If the IEEE floating-point input has a magnitude greater than 

or equal to 2127^ it \s too large to be represented by a DEC 
floating-point number. The final result will be the DEG re¬ 
served operand SOOOOOOpie: the overflow, inexact, and NAN 
flags will be HIGH. 

b. ) If the IEEE floating-point input is a NAN, the final result will be 

the DEC reserved operand SOOOOOOOte; the invalid and NAN 
flags will be HIGH. 

c. ) If the IEEE'floating-point input is a denormalized number, 

the final result will be a DEC 0 (OOOOOOOOie); the zero flag 
will be HIGH. 

d. ) If the IEEE floating-point input is +0 or -0, the final result will 

be a DEC 0 (OOOOOOOOie); the zero flag will be HIGH. 


DEC-TO-IEEE Conversion 


This operation converts a DEC floating-point number to IEEE 
floating-point format. Most conversions are exact; in no case 
does the round mode have any affect on the final result. There 
are, however, a few exceptional cases: 

a. ) If the DEC floating-point input is not 0, but has a magnitude 

less than 2 - 126 ^ it is too small to be expressed as a nor¬ 
malized IEEE floating-point number. The final result will be an 
IEEE floating-point 0 having the same sign as the input 
(OOOOOOOOie for positive inputs and SOOOOOOOie for negative 
inputs); the underflow, inexact, and zero flags will be HIGH. 

b. ) If the DEC floating-point input is a DEC reserved operand, the 

final result will be quiet NAN TFAOOOOOie; the invalid opera¬ 
tion and NAN flags will be HIGH. 

c. ) If the DEC floating-point input is 0, the final result will be IEEE 

floating-point +0 (OOOOOOOOie); the zero flag will be HIGH. 
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APPENDIX A: 


Differences Between the IEEE Proposed Standard for Binary 
Floating-Point Arithmetic and the Am29325’s IEEE Mode 


When operated in IEEE mode, the Am29325 High-speed 
Floating-Point Processor complies with the single-precision por¬ 
tion of the IEEE Proposed Standard for Binary Floating-Point 
Arithmetic (P754, draft 10.0) in most respects. There are, how¬ 
ever, several differences; 


Denormalized Numbers 


The Am29325 does not handle denormalized numbers. A de¬ 
normalized input will be converted to a zero of the same sign 
before the specified operation takes place. The operation pro¬ 
ceeds in exactly the same manner as if the input were +0 or -0, 
producing the same numerical result and flags. 

If the result of an operation, after rounding, has a magni¬ 
tude smaller than 2“ "’2®, the result is replaced by a zero of the 
same sign. 


Representation of Overflows 


In some rounding modes, the proposed IEEE standard requires 
that overflows be represented as the format’s most positive or 
most negative finite number. In particular: 

- When rounding toward 0, all overflows should produce a result 
of the largest representable finite number with the sign of the 
intermediate result. 

- When rounding toward all positive overflows should pro¬ 
duce a result of the largest representable positive finite 
number. 

- When rounding toward all negative overflows should 
produce a result of the largest representable negative finite 
number. 

The Am29325, however, always represents positive overflows as 
+ x and negative overflows as -x, regardless of rounding mode. 


Projective Mode 


The proposed IEEE standard provides only for an affine mode to 
control the handling of infinities. The Am29325 provides both 
affine and projective modes; the desired mode can be selected by 
the user. 


Traps 


The proposed IEEE standard stipulates that the user be able to 
request a trap on any exception. The Am29325 does not support 
trap operation, and behaves as if traps are disabled. 


Resetting of Flags 


The proposed IEEE standard states that once an exception flag 
has been set, it is reset only at the user’s request.The Am29325’s 
flags, however, reflect the status of the most recent operation. 


Generation of the Underflow Flag 


The proposed IEEE standard suggests several possible criteria 
for determining if underflow occurs. These criteria generate 
underflow flags that differ in subtle ways. The underflow criteria 
chosen for the Am29325 stipulate that underflow occurs if; 

a) the rounded result of an operation has a magnitude in the 
range; 

0 < magnitude < 
and 

b) the final result is not equal to the infinitely precise result. 

Since the Am29325 never produces a denormalized number as 
the final result of a calculation, condition (b) is true whenever (a) is 
true. Note, then, that the operation of the Am29325’s underflow 
flag is somewhat different than that of an “IEEE standard’’ system 
using the same underflow criteria. For example, if an operation 
should produce an infinitely precise result that is exactly 2“"'^^, 
an “IEEE standard” system would produce that value as the final 
result, expressed as a denormalized number. Since that system’s 
final result is exact, the underflow flag would remain LOW. The 
Am29325, on the other hand, would output zero; since its final 
result is not exact, the underflow flag would be HIGH. 
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APPENDIX B: 


Differences Between DEC VAX and Am29325 DEC Mode 


Operation in DEC mode complies with most aspects of single¬ 
precision floating-point operation outlined in the Digital Equip¬ 
ment Corporation’s VAX Architecture Manual. However, there 
are some differences that should be noted: 


Format 


The Am29325’s DEC format is: 

sign - bit 31 
exponent - bits 30-23 
mantissa - 22-0 

The VAX format is: 

sign - bit 15 
exponent - 14-7 
mantissa - bits 6-0, bits 31-16. 

In both cases, fields are listed from MSB to LSB, with bit 31 the 
MSB of the 32-bit word. The Am29325’s DEC format can be 
converted to VAX format by swapping the 16 LSBs and 16 MSBs 
of the 32-bit word. 


Flags vs. Exceptions 


In DEC VAX operation, certain unusual conditions arising during 
system operation may incur an exception, or an indication to the 
operating system that special handling is needed. 

The VAX recognizes a number of arithmetic exceptions. The 
following exceptions are relevant to the operations supported by 
theAm29325: 

Integer overflow trap - indicates that the last operation 
produced an integer overflow. The LSBs of the correct result 
are stored in the destination operand. 

Floating-point overflow trap/fault - indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude greater than or equal 
to 2''2^. A trap replaces the destination operand with the 
DEC reserved operand SOOOOOOOie; a fault leaves the de¬ 
stination operand unchanged. * 

Floating-point underflow trap/fault - indicates that the last 
operation produced, after normalization and rounding, a 
floating-point number with magnitude less than 2 “'•28. a 
trap replaces the destination operand with zero; a fault 
leaves the destination operand unchanged. 

Reserved operand fault - indicates that the last operation 
had a reserved operand as an input. The destination 
operand is unchanged. 


The Am29325 does not directly support DEC traps and faults. 
Rather, it indicates unusual conditions by setting one or more of 
the six status flags HIGH. Table d2 describes flag operation in 
DEC mode. 


Integer Overflow 


In cases of integer overflow, the VAX signals the integer overflow 
trap and stores the LSBs of the correct result. The Am29325 sets 
the invalid operation flag and outputs the DEC reserved operand 
80000000-16. , 


Floating-Point Underflow/Overflow Operation 


The VAX Architecture Manual specifies the action to be taken on 
the destination operand when floating-point underflow or over¬ 
flow is encountered. The Am29325 has no immediate control 
over this destination operand, as it resides somewhere off-chip, 
either in a register or memory location. This isn’t so much a 
difference between the VAX specification and Am29325 opera¬ 
tion as it is a difference in scope. 

The Am29325 responds to floating-point underflow by producing 
a final result of 0 (OOOOOOOOie): the underflow, inexact, and zero 
flags will be HIGH. It responds to floating-point overflow by pro¬ 
ducing the DEC reserved operand 8 OOOOOOO 16 as the final result; 
the overflow, inexact, and NAN flags will be HIGH. 


Handling of DEC Reserved Operands 


If an operation has a DEC reserved operand as an input, the 
Am29325 will produce that operand as the final result. If an 
operation has two input arguments and both are DEC reserved 
operands, the operand on port R becomes the final result. For the 
VAX, operations with a DEC reserved operand input or inputs do 
not modify the destination operand. As mentioned above, control 
of the destination operand is beyond the scope of the Am29325’s 
operation. 


Inexact Flag 


The Am29325 provides an inexact flag to indicate that the final 
result produced by an operation is not equal to the infinitely 
precise result. The VAX does not provide this flag. 
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APPENDIX C: 


Performing Floating-Point Division on the Am29325 


While the Am29325 does not have a floating-point division in¬ 
struction, it can be used to evaluate reciprocals. The division: 

C = A/B 

can then be performed by evaluating: 

C = A*(1/B). 

Only a modest amount of external hardware is needed to imple¬ 
ment the reciprocal function. 

The technique for calculating reciprocals is based on the 
Newton-Raphson method for obtaining the roots of an equation. 
The roots of equation: 

F(x) = 0 

can be found by iteratively evaluating the equation 
Xj+1 = xj - F(xj)/F'(xi). 

The process begins by making a guess as to the value of Xj, and 
using this guess or “seed” value to perform the first iteration. 
Iterations are continued until the root is evaluated to the desired 
accuracy. The number of iterations needed to achieve a given 
accuracy depends both on the accuracy of the seed value and the 
nature of F(x). 

Now consider the equation 

F(x) = (1/x) - B. 

The root of F(x) is 1/B. The reciprocal of B, then, can be found by 
using the Newton-Raphson method to find the root of F(x). The 
iterative equation for finding the root is 

Xj+1 = Xj - F(xi)/F'(Xj) 

= Xj - (1/xi - B)/-(xi)-2 
= Xj (2-B*Xj). 

It can be shown that, in order for this iterative equation to con¬ 
verge, the seed value xq must fall in the range 

0 < xq < 2/B if B > 0 

or 2 /B < Xq < 0 if B < 0. 

For example, if the reciprocal of 3 is to be evaluated, the seed 
value must be between 0 and 2/3. 

The error of Xj reduces quadratically; that is, if the error of Xj is e, 
the error is reduced to order e2 by the next iteration. The number 
of bits of accuracy in the result, then, roughly doubles after every 
iteration. While this is only an approximation of the actual error 
produced, it is a handy rule-of-thumb for determining the number 
of Iterations needed to produce a result of a certain accuracy, 
given the accuracy of the seed. 

Example 1 : 

Find the reciprocal of 7.25. 

Solution: 

The seed value must fall in the range 
0 < Xq < 2/7.25 
or 0 < Xq < .275862. 

Suppose Xq is chosen to be .1 

Iteration 1: x-j = xq (2-B*xo) 

- .1(2-(7.25)(.1)) 

= .1275 . 


Iteration 2: X2 = xi (2-B*xi) 

= .1275(2-(7.25) (.1275)) 

= .1371421875 

Iteration 3: X3 = X2(2-B*X2) 

= .1371421875* 

(2~(7.25) (.1371421875)) 

= .1379265230 

The actual value of 1/7.25, to ten decimal places, is 
.1379310345. 

The error after each iteration is: 


Iteration 

X| 

Error to Ten Places 

0 

.1 

-0.0379310345 

1 

.1275 

-0.0104310345 

2 

.1371421875 

-0.0007888470 

3 

.1379265230 

-0.0000045115 


Example 2: 

Find the reciprocal of - .3. 

Solution: 

The seed value must fall in the range 
2/(-.3) < Xq < 0 
or -6.66 < Xq < 0. 

Suppose Xq is chosen to be -2.0. 

Iteration 1: x-j = xo(2-B*xo) 

= -2.0(2-(-.3) (-2.0)) 

= - 2.8 

Iteration 2: X2 = xi (2-B*xi) 

= -2.8(2-(-.3) (-2.8)) 

= -3.248 

Iteration 3: X3 = X2(2-B*X2) 

= -3.248(2-(-.3) (-3.248)) 

= -3.3311488 

Iteration 4: X4 = X3(2-B*X3) 

= -3.3311488* 

(2-(-.3) (-3.3311488)) 

= -3.333331902 

The actual value of 1/(-.3), to ten decimal places, is 

-3.333333333. 

The error after each iteration is: 


i 

Xi 

Error to Ten Places 

0 

-2.0 

1.333333333 

1 

-2.8 

0.533333333 

2 

-3.248 

0.085333333 

3 

-3.3311488 

0.002184533 

4 

-3.333331902 

0.000001431 


In order to implement the Newton-Raphson method on the 
Am29325, some means is needed to generate the seed used 
in the first iteration. One approach is to place a hardware 
seed look-up table between the R bus and the Am29325; see 
Table cl. A more detailed diagram of the look-up table appears 
in Figure c2. 
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TABLE c1. CONTENTS OF THE SEED EXPONENT PROM 


DEC 

IEEE 

Address (16) 

Data (16) 

Address (16) 

Data (16) 

000 

(Notel) 

100 

FD 

001 

(Note 1) 

101 

FC 

002 

FF 

102 

FB 

003 

FE 

103 

FA 

004 

FD 

104 

F9 

005 

FC 

105 

F8 

006 

FB 

106 

F7 

007 

FA 

107 

F6 

008 

F9 

108 

F5 

009 

F8 

109 

F4 

OOA 

F7 

10A 

F3 

OOB 

F6 

10B 

F2 

OOC 

F5 

IOC 

FI 

OOD 

F4 

10D 

FO 

OOE 

F3 

10E 

EF 

OOF 

F2 

10F 

EE 

010 

FI 

110 

ED 

Oil 

FO 

111 

EC 

012 

EF 

112 

EB 

OEE 

13 

1EE 

OF 

OEF 

12 

1EF 

OE 

OFO 

11 

1F0 

OD 

0F1 

10 

1F1. 

OC 

0F2 

OF 

1F2 

OB 

0F3 

OE 

1F3 

OA 

0F4 

OD 

1F4 

09 

0F5 

OC 

1F5 

08 

0F6 

OB 

1F6 

07 

0F7 

OA 

1F7 

06 

0F8 

09 

1F8 

05 

0F9 

08 

! 1F9 

04 

OFA 

07 

1FA 

03 

OFB 

06 

1FB 

02 

OFC 

05 

1FC 

01 

OFD 

04 

1FD 

(Note 2) 

OFE 

03 

1FE 

(Note 2) 

OFF 

02 

IFF 

(Note 2) 


Notes; 1. The reciprocals of these numbers are too large to be represented in DEC 


format. 

2. The reciprocals of these numbers are too small to be represented in 
normalized IEEE format. 


Figure cl. Adding a Hardware Look-Up Table to the Am29325 
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The look-up table has two sections; a biased exponent look-up 
PROM and a fraction look-up PROM. The seed biased exponent 
look-up table is stored in a 512-by-8-bit PROM. This table con¬ 
sists of two sections - the DEC format section, which occupies 
addresses OOO-OFF 10 , and the IEEE section, which occupies 
addresses lOO-IFF-ie. The appropriate table will be selected 
autom atically if address line As is wired to the Am29325’s IEEE/ 
DEC pin. The equations implemented by these table sections are: 

DEC table; seed biased exponent 

= 257-)o -input biased exponent 
IEEE table: seed biased exponent 

= 252io -input biased exponent 
Table c1 lists the contents of this PROM. 

The seed fraction look-up table is stored in one or more PROMs, 
the number of PROMs depending on the desired accuracy of the 
seed value. The hardware depicted in Figure c2 uses two 4K- 
by-8-bit PROMs to implement a fraction look-up table whose 


inputs are the 12 MSBs of the input argument’s fraction. These 
PROMs output the 16 MSBs of the seed’s fraction field - the 
remaining 7 bits of fraction are set to 0. The equation im¬ 
plemented in this table is: 

2 

seed fraction = -:-;- -1, 

1 + input fraction 

where the value of the input fraction falls in the range 
0 ^ input fraction < 1. 

Note that the seed fraction must also be constrained to fall in 
the range 

0 ^ seed fraction < 1. 

Therefore, if the input fraction is 0, the corresponding seed frac¬ 
tion stored in the table must be .IIII...III 2 , not 1 . 02 .The same 
seed fraction look-up table may be used for both IEEE and DEC 
formats. Table c2 contains a partial listing for the seed fraction 
look-up table shown in Figure c2. 


TABLE c2. CONTENTS OF THE SEED FRACTION PROMs 


Address (16) 

Value of Input Fraction (10) 

Value of Seed Fraction (10) 

PROM Ou 

R22-R15 

tputs (16) 
R 14 -R 7 

000 

0.0 

0.9999999999 (see text) 

FF 

FF 

001 

0.0002441406 

0.9995118370 

FF 

EO 

002 

0.0004882812 

0.9990239150 

FF 

CO 

003 

0.0007324219 

0.9985362280 

FF 

AO 

004 

0.0009765625 

0.9980487790 

FF 

80 

005 

0.0012207031 

0.9975615710 

FF 

60 

006 

0.0014648438 

0.9970745970 

FF 

40 

007 

0.0017089844 

0.9965878630 

FF 

20 

008 

0.0019531250 

0.9961013650 

FF 

00 

009 

0.0021972656 

0.9956151030 

FE 

El 

OOA 

0.0024414063 

0.9951290800 

FE 

CO 

OOB 

0.0026855469 

0.9946432920 

FE 

A1 

OOC 

0.0029296875 

0.9941577400 

FE 

81 

FF6 

. 

• 

0.9975585938 

0.0012221950 

; 

00 

50 

FF7 

0.9978027344 

0.0010998410 

00 

48 

FF8 

0.9980486750 

0.0009775170 

00 

40 

FF9 

0.9982910156 

0.0008552230 

00 

38 

FFA 

0.9985351563 

0.0007329590 

00 

30 

FFB 

0.9987792969 

0.0006107240 

00 

28 

FFC 

0.9990234375 

0.0004885200 

00 

20 

FFD 

0.9992675781 

0.0003663450 

00 

18 

FFE 

0.9995117188 

0.0002442000 

00 

10 

FFF 

0.9997558594 

0.0001220850 

00 

08 


Figure c2. The Hardware Lookup-Up Table 


SIGN 

(R31) 


BIASED 
I EXPONENT 
(R30“I^23) 


12 MSBs 
OF FRACTION 
(R22~Rii) 


A7-A0 


A11-A0 


SEED SIGN SEED EXPONENT 


r 


SEED FRACTION 
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With the hardware look-up table in place, the reciprocal of value B 
can be calculated With the following series of operations: 

1. ) Place B on both the R and S buses. The 2 :1 multiplexer at 

the output of the hardware look-up table should select the 
output of the look-up table, (see Figure c3-a) 

2. ) Load the seed value xq into register R and load B into register 

S. Select the R TIMES S operation, (see Figure c3-b) 

3. ) Load product B*xo into register F. Select the 2 MINUS S 

operation, and select register F as the input to the ALU S port, 
(see Figure c3-c) 


4. ) Load 2 - B*xo into register F. Select the R TIMES S operation 

and select register F as the input to the ALU S port, (see 
Figure c3-d) 

5. ) Load the value xi (=xo(2-B*xo)) into registers R and F. 

Select the R TIMES S operation, (see Figure c3-e) 

6 . ) Repeat steps 3 through 5 until the result has the accuracy 

desired. 


Figure c3-a. Data Flow for Step 1 of the Reciprocal Procedure 
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A tabular description of the operations above is given in Table c3. 
The following examples, performed in IEEE format, illustrate the 
process. 

Example 1: 

Find the reciprocal of 25.3. 

Solution: The IEEE floating-point representation for 25.3 is 
41CA6666ie- The reciprocal process is begun by 
feeding this value to both the seed look-up table and 


port S. The look-up table produces the value 
.0395278910 (3D21E800i6)- The reciprocal is 
evaluated using the procedure described above; reg¬ 
ister values for each step are given in Table c4. The 
expected result, to the precision of the floating-point 
word, is .0395256910 (3D21E5B1i6). In this case the 
expected result is produced after the first iteration. All 
subsequent iterations produce the same result, and 
are therefore unnecessary. 


TABLE c3. SEQUENCE OF EVENTS FOR EVALUATING RECIPROCALS 


Clock _ _ _ 

Cycle •o”*2 h *4 ENR ENS ENF Register R Registers Register F 


1 

Y 

X 

0 


0 

X 

— 

- 

- 

2 

R TIMES S 

0 

X 

1 

1 

0 

Xo 

B 

- 

3 

2 MINUS S 

1 

X 

1 

1 

0 

Xo 

B 

B*Xo 

4 

R TIMES S 

1 

1 

0 

1 

0 

Xo 

B 

2-B*Xo 

5 

R TIMES S 

0 

X 

1 

1 

0 

Xi(= Xo(2-B*Xo)) 

— 

B 

Xi(= Xo(2-B*Xo)) 

6 

2 MINUS S 

1 

X 

1 

1 

0 


B 

B*Xi 

7 

R TIMES S 

1 

1 

0 

1 

0 

Xi 

B 

2-B*Xi 

8 

R TIMES S 

0 

X 

1 

1 

0 

X2(= X^(2-B*Xi)) 

B 

X2(= Xi(2-B*Xi)) 


X = DON’T CARE 


First 

iteration 


Second 

iteration 


TABLE c4. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 1 


Clock 


Cycle 

R Input 

S Input 

Register R 

Register S 

Register F 

1 

3D21E800 

41CA6666i6 

- 

- 

- 


(.03952789) 

(25.3) 




2 

- 

- 

3D21E800i6 

41CA666616 

- 




(.03952789) 

(25.3) 


3 

- 

- 

3D21E800i6 

4ICA666616 

3F8001D3i6 




(.03952789) 

(25.3) 

(1.0000556) 

4 

- 

- 

3D21E800i6 

4ICA666616 

3F7FFC5Ai6 




(.03952789) 

(25.3) 

(.99984419) 

5 

- 

- 

3D21E5B1i6 

4ICA666616 

3D21E5B1i6 




(.03952569) 

(25.3) 

(.03952569) 

6 

- 

- 

3D21E5B1i6 

4ICA666616 

3F7FFFFFi6 




(.03952569) 

(25.3) 

(.99999994) 

7 


- 

3D21E5B1i6 

4ICA666616 

3F8OOOOO16 




(.03952569) 

(25.3) 

(1.0) 

8 

- 

- 

3D21E5B1i6 

4ICA666616 

3D21E5B1i6 




(.03952569) 

(25.3) 

(.03952569) 


Result of first 
iteration 


Result of second 
iteration 
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Example 2; 

Find the reciprocal of4725.. 

Solution: The IEEE floating-point representation for - .4725 is 
BEF1EB85 i 6- The reciprocal process is begun by 
feeding this value to both the seed look-up table and 
port $. The look-up table produces the value 
-2.11621094io (C0077000-(6)- The reciprocal is 


TABLE c5. INPUT BUS AND REGISTER VALUES FOR EXAMPLE 2 

Clock 

Cycle R Input S Input Register R Registers Register F 


"^•“Result of first 
iteration 


-^•-Result of second 
iteration 
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1 

C0077000i6 

(-2.1162109) 

BEF1EB85i6 
(-0.4725) , 

- 

- 


2 

. 


00077000^6 
(-2.1162109) 

BEF1EB85i6 

(-0.4725) 


3 

- 

' 

- 

C0077000i6 

(-2.1162109) 

BEF1EB85i6 

(-0.4725) 

3F7FFA14i6 

(0.99990963) 

4 

- 

- 

C0077000i6 

(-211162109) 

BEF1EB85i6 

(-0.4725) 

3F8002F6i6 

(1.0000904) 

5 

- 

- 

00077322-16 

(-2.116402) 

BEF1EB85i6 

(-0.4725) 

0007732216 

(-2.116402) 

6 

- 

- 

0007732216 

(-2.116402) 

BEF1EB85i6 - 
(-0.4725) 

3F800000i6 

(1.0) 

7 

- 

■- 

0007732216 

(-2.116402) 

BEF1EB85i6 

(-0.4725) 

3F800000i6 
(1.0) . 

8 

- 

- 

0007732216 

(-2.116402) 

BEF1EB85i6 

(-0.4725) 

0007732216 

(-2.116402) 


evaluated using the procedure described above; reg¬ 
ister values for each step are given in Table c5. The 
expected result, to the precision of the floating-point 
word, is -2.116402io {C0077322i6)- In this case the 
expected result is produced after the first iteration. All 
subsequent iterations produce the same result, and 
are therefore unnecessary. 
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APPENDIX D: 

Summary of Flag Operation 

Tables d1, d2, and d3 summarize flag operation for the IEEE 
mode, the DEC mode, and for the lEEE-TO-DEC and DEC-TO- 
lEEE operations. 


TABLE d1. FLAG SUMMARY FOR IEEE MODE 


Operation Condition(s) INV OVF UNF INE ZER NAN 


Any operation 
listed in the 

IEEE Invalid 
Operations Table 


H 

L 

L 

L 

L 

H 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 

Input operands are finite, 

I rounded result] ^ 2 l 28 

L 

H 

L 

H 

L 

L 

R PLUS S 

R MINUS S 

R TIMES S 

0 < [rounded result] < 2-126 

L 

L 

H 

H 

H 

L 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
INT-TO-FP 
FP-TO-INT 

Final result does not equal 
infinitely precise result 

L 

_j 





L 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
INT-TO-FP 
FP-TO-INT 

Final result is zero 

L , 

L 



H 

L 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
FP-TO-INT 

Final result is a NAN 


L 

L 

L 

L 

H 


Notes: INV 
OVF 
UNF 
INE 
ZER 
NAN 
L 
H 


Invalid operation flag 
Overflow flag 
Underflow flag 
Inexact flag 
Zero flag 
NAN flag 
LOW 
HIGH 

State of flag 
depends on the 
input operands 
and the operation 
performed 
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TABLE 62. FLAG SUMMARY FOR DEC MODE 


Operation Condition(s) INV OVF UNF INE ZER NAN 


FP-TO-INT 

Rounded result > 23‘>-1 
or rounded result < -2^1 

H 

L 

L 

L 

L 

H 

FP-TO-INT 

Input is a DEC reserved 
operand 

H 

L 

L 

L 

L 

H 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 

[Rounded result| 5= 2127 

L 

H 

L 

H 

L 

H 

R PLUS S 

R MINUS S 

R TIMES S 

0 < [rounded result| < 2-128 

L 

L 

H 

H 

H 

L 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
INT-TO-FP 
FP-TO-INT 

Final result does not equal 
infinitely precise result 

L 



H 



R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
INT-TO-FP 
FP-TO-INT 

Final result is zero 

L 

L 



H 

L 

R PLUS S 

R MINUS S 

R TIMES S 

2 MINUS S 
FP-TO-INT 

Final result is a DEC 
reserved operand 



L 

! L 

L 

H 


Notes; INV = Invalid operation flag 

H 

= HIGH 

OVF = Overflow flag 


= State of flag 

UNF = Underflow flag 


depends on the 

INE = Inexact flag 


input operands 

ZER = Zero flag 


and the operation 

NAN - NAN flag 


performed 

L - LOW 




TABLE d3. FLAG SUMMARY FOR lEEE-TO-DEC AND DEC-TO-IEEE CONVERSIONS 


Operation Condition(s) INV OVF UNF INE ZER NAN 


lEEE-TO-DEC 

Input is a NAN 

H 

L 

L 

L 

—^- 

L 

H 

lEEE-TO-DEC 

I lnput[ ^ 2127 

L 

H 

L 

H 

L 

H 

DEC-TO-IEEE 

Input is a DEC reserved operand 

H 

L 

L 

L 

L 

H 

DEC-TO-IEEE 

0 < [rounded result[ < 2-126 

L 

L 

H 

H 

H 

L 

DEC-TO-IEEE 

lEEE-TO-DEC 

Final result is 0 

L 

L 



H 

L 


H = HIGH 

• = State of flag 

depends on the 
input operands 
and the operation 
performed 


Notes: INV = Invalid operation flag 
OVF = Overflow flag 
UNF = Underflow flag 
INE = Inexact flag 
ZER = Zero flag 
NAN = NAN flag 
L = LOW 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature ...- 65 to +150°C 

Temperature Under Bias - Tq .-55 to +125°C 

Supply Voltage to Ground Potential 

Continuous ..-0.5 to +7.0V 

DC Voltage Applied to Outputs 

for High State.-0.5V to +Vcc Max 

DC Input Voltage .-0.5 to +5.5V 

DC Output Current, into Outputs.30mA 

DC Input Current.-30 to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM RATINGS 
may cause permanent device failure. Functionality at or above these 
limits is not implied. Exposure to absolute maximum ratings for ex¬ 
tended periods may affect device reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature (Ta) .. 0 to +70°C 

Supply Voltage.+4.75 to +5.25V 

Military (M) Devices 

Temperature (Tq) .-55 to +125°C 

Supply Voltage..+4.5 to +5.5V 

Operating ranges define those limits over which the functionality of the 
device is guaranteed. 


DC CHARACTERSITICS OVER OPERATING RANGE unless otherwise specified 




Test Conditions 


Typ 



Parameter 

Description 

(Note 1) 

Min 

(Note 2) 

Max 

Units 


Vqh 

Output HIGH Voltage 

Vqc = Min 

V|N = V|L or ViH 

Iqh — —0.4mA 

2.4 

2.7 


Volts 

Vql 

Output LOW Voltage 

Vcc = Min 

V|N = ViL or ViH 

Iql — 4.0mA 


— 

0.3 

0.5 

Volts 

VlH 

Input HIGH Level 

Guaranteed Input Logical 

HIGH Voltage for All Inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input Logical 

LOW Voltage for All Inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vqc = Min 
l|N = -18mA 



-1.5 

Volts 

IlL 

Input LOW Current 

Vqc - Max 

V,N - 0.4V 



-0.4 

mA 

'IH 

Input HIGH Current 

Vqc = Max 

V,N = 2.4V ; 



75 

/jiA 

•l 

Input HIGH Current 

Vqc = Max 

V|N = 5.5V 



1 

mA 

I _i 

o o 

F 0 -F 31 Off State (High 
Impedance) Output Current 

Vcc = Max 

Vo = 2.4V 



25 

nA 

> 

II 



-25 

'sc 

Output Short Circuit Current 
(Note 3) 

Vqc = Max 

Vo = OV 

F 0 -F 31 Outputs 

-3 


-30 

mA 

Flag Outputs 

-3 


-30 

'cc 

Power Supply Current (Note 4) 

Vqc - Max 

■ 

COM’L, MIL Ta = +25°C 


1 


mA 

COM’L Only 

Ta = 0 to +70°C 




Ta = +70°C 



— 

MIL Only 

Ta = -55 to +125°C 




Ta = +125°C 


_ 1 



Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under Operating Ranges for the applicable device type. 

2 . Typical values are for Vqc = +25'’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with OE LOW, and with all output bits (F 0 -F 31 and flag outputs) LOW. 


3-39 


Refer to Page 13-1 for Essential Information on Military Devices 



















Am29325 


SWITCHING CHARACTERISTICS 

OVER OPERATING RANGE 

Test 

Parameters Description Conditions 

COM’L (Note 2 ) 

MIL 

Units 

Ta = 25°C 
Vcc = 5.0V 

Ta = Oto -F70X 
Vcc = +5V ±5% 

Tc = -55 to 125X 
Vcc = +5V ±10% 

Typ 

Min 

Max 

Min 

Max 

Use 

Clocked Add, Subtract Time (R PLUS S, 

R MINUS S, 2 MINUS S) 






ns 


^MC 

Clocked Multiply Time (R TIMES S) 





ns 


tcc 

Clocked Conversion Time (INT-TO-FP, 
FP-TO-INT, lEEE-TO-DEC, DEC-TO-IEEE) 





ns 


Usuc 

Undocked Add, Subtract Time {R, S to F, 
Flags) for R PLUS S, R MINUS S, 
and 2 MINUS S Instructions 

FTq = HIGH 

FTi = HIGH 





ns 


^MUC 

Undocked Multiply Time (R, S to F, Flags) 
for R TIMES S Instruction 





ns 


tcuc 

Undocked Conversion Time (R, S to F, 

Flags) for INT-TO-FP, FP-TO-INT, IEEE- ‘ 
TO-DEC and DEC-TO-IEEE Instructions 





ns 


tpWH 

Clock Pulse Width HIGH 






ns 


tpwL 

Clock Pulse Width LOW 





ns 


tPDOFt 

Clock to F 0 -F 31 and Flag Outputs 

:3 3i 

0 

■’ll' I! 

ii 





ns 


bDOF2 

FTi = LOW 





ns 


bZL 

OE Enable Time 

Z to LOW 



■ 



ns 


tpZH 

Z to HIGH 


■ 



ns 


tPLZ 

OE Disable Time 

LOW to Z 






ns 


tPHZ 

HIGH to Z 





ns 


tpZL16 

Clockt to Fq-F-is Enable, 
16-Bit I/O Mode 

Z to LOW 

S16/32 = HIGH 
ONEBUS = LOW 





ns 


bZH16 

Z to HIGH 





ns 


tpLZ16 

Clocki to Fq-F-is Disable, 
16-Bit I/O Mode 

LOW to Z 

SI 6 /^ = HIGH , 
ONEBUS = LOW 

_ 





ns 


bHZl 6 

HIGH to Z 





ns 


bZL16 

ClockJ, to F 10 -F 31 Enable, 
16-Bit I/O Mode 

Z to LOW 




! 

I 

ns 


bZH16 

Z to HIGH 




I 

ns 


tPL'Z16 

Clockt to F 10 -F 3-1 Disable, 
16-Bit I/O Mode 

LOW to Z 





ns 


tpHZie 

HIGH to Z 





ns 


UCE 

Register Clock Enable Setup Time 

SI 

_i -1 

II II 

tt 





ns 


UCE 

Register Clock Enable Hold Time 

FTq = LOW 

FTi = LOW 





■ 

ns 


Udi 

f^ 0 ~F^ 3 l> S 0 -S 3-1 Setup Time (Note 1) 

FTq = LOW 





ns 


Udi 

Ro“R31. So~S 3 i Hold Time (Note 1) 





ns 


UD 2 

R 0 -R 31 , S 0 -S 31 Setup Time (Note 1) 

Tl Tl 

H H 

0 

II II 

ii 





I -^- 

ns 


UD 2 

Ro~F*31> S 0 -S 31 Hold Time (Note 1) 





ns 


Ul 02 

I 0 -I 2 Instruction Select Setup Time 

FT for Destination 
Register = LOW 





ns 


Ul 02 

I 0 -I 2 Instruction Select Hold Time 





ns 


UdI02 

I 0 -I 2 Instruction Select to F 0 -F 31 , Flags 

FTi = HIGH 





ns 


Ul3 

I 3 Port S Input Select Setup Time 

FTi - LOW 



■ 


ns 


Uia 

I 3 Port S Input Select Hold Time 





ns 


Ul4 

I 4 Register R Input Select Setup Time (Note 1) 

FTq = LOW 





ns 


Uw 

I 4 Register R Input Select Hold Time (Note 1) 


j 



ns 


Urm 

Round Mode Select Setup Time 

FT for Destination 
Register = LOW 


_I 



ns 


Urm 

Round Mode Select Hold Time 





ns 


tpRF 

Round Mode Select to F 0 -F 31 , Flags 

FTi = HIGH 





ns 



Notes; 1. See timing diagram for desired mode of operation b determine clock edge to which these setup and hold times apply. 
2 . At air velocity of—linear feet per minute. 
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16-BIT, TWO-INPUT-BUS MODE 


R INPUT BUS. 
S INPUT BUS 


(NOTE 1) 


•^ 0-^15 




^♦hdi 


' 'hdi 



1 ^ / 




I ■“ *SD1' 






^ 16 LSBs ^ 


( _ 


*SI4 - 


Jr_H 


■ *HI4 


}( 


Fi6~P'31 


*PZL16, 

*PZH16 


'PLZ16. 

*PHZ16 


^PLZ16, 

*PHZ16 


)CZEZX 


‘PZL16, 

VZH16 


) ( A X " 


Note 1. I 4 has special setup and hold time requirements in this mode. All other control signals have timing requirements as shown in the diagram 
“Clocked operation, FTq = LOW, FT^ = LOW.” 


OUTPUT ENABLE/DISABLE TIMING 


F._Fai (HIGH LEVEL) 


(LOW LEVEL) 




*PLZ 




Vqh - -SV 


HIGH IMPEDANCE 


f 


Vql + -SV 


*PZH 




^ *PZL-*^ 


- 1.5V 

- Vql 
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PACKAGE INFORMATION 


PACKAGE PHOTOGRAPHS 


Lateral View 


Bottom View 


Isometric View 
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Am29325 PINOUT (Cont) 


SORTED BY PIN 


SORTED BY FUNCTION 


Line # 

Pkg 

Pin 

Function 

121 

P7 

Rs 

122 

P 8 

R4 

123 

P9 

I3 

124 

P10 

S3I 

125 

P11 

S26 

126 

P12 

S25 

127 

P13 

S22 

128 

P14 

S21 

129 

P15 

S16 

130 

R1 

R20 

131 

R2 

Ri7 

132 

R3 

Ri 8 

133 

R4 

Ri3 

134 

R5 

Ri2 

135 

R 6 

R7 

136 

R7 

Re 

137 

R 8 

Ri 

138 

R9 

R2 

139 

RIO 

S30 

140 

R11 

S29 

141 

R12 

S24 

142 

R13 

S23 

143 

R14 

S20 

144 

R15 

Si9 


Function 

Pkg Pin 

S20 

R14 

S 21 

P14 

S22 

P13 

S23 

R13 

S24 

R12 

S25 

P12 

S26 

P11 

S27 

Nil 

S28 

N10 

S29 

R11 

S30 

RIO 

S31 

P10 

Underflow 

C5 

Vcc. ECL 

J3 

Vcc> ECL 

G2 

VcCr ECL 

G3 

Vcc. ECL 

H2 

Vcc. ECL 

N13 

Vcc. ECL 

N12 

Vcc. ECL 

H3 

Vcc. ECL 

HI 

Vcc. TTL 

C8 

Vcc. TTL 

C9 

Zero 

B3 


POWER SUPPLY WIRING CONSIDERATIONS 



Notes: 1. All power supply pins must be connected. 

2. ECL GND and TTL GND should not be connected directly into the main system ground plane. Using signal plane traces as short and wide as 
possible, ECL GND pins should be connected together, as should TTL GND pins, but without interconnection. These separate ground buses 
should be connected together and to the system ground plane at a decoupling capacitor close to the package. ECL Vqc and TTL Vqq should be 
treated similarly. See diagram above. 
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SUGGESTED PRINTED CIRCUIT BOARD LAYOUT 
Bottom View 


A BCDEFGHJ K LMNPR 



05621A-35 


THERMAL CHARACTERISTICS 


THERMAL 

RESISTANCE 

X/W 


AIR VELOCITY 

LINEAR FEET PER MINUTE 


05621A-36 
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PHYSICAL DIMENSIONS 



.086 



"Subject to change. 


The International Standard of Quality 
guarantees the AQL on all electrieal parameters. 
AC and DC. over the entire operating range. 
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Am29331 

16-Bit Microprogram Sequencer 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


16-Blt8 Address Up to 64K Words 

Like the other members of the Am29300 family, the 
Am29331 supports 80-90ns microcycle for the 32- 
bit high-performance system. 

Real Time Interrupt Support 

Micro-TRAP and interrupts are handled transparently 

at any microinstruction boundary. 

Built-In Conditional Test Logic 
Generates inequality evaluation branch conditions 
from four ALU status bits, eight external test inputs 
and a polarity control input. 


Break-Point Logic 

Built-in address comparator allows break-points in 
the microcode for debugging and statistics collection. 
Master/Slave Error Checking 
Two sequencers can operate in parallel as a master 
and a slave. The slave generates a fault flag for 
unequal results. 

33-Level Stack 

Provides Support for interrupts, loops and subroutine 
nesting. It can be accessed through the D-bus to 
support diagnostics. 


GENERAL DESCRIPTION 


The Am29331 is a 16-bit wide high-speed single chip 
sequencer designed to control the execution sequence of 
microinstructions stored In the microprogram memory. The 
instruction set is designed to resemble high level language 
constructs, thereby bringing high level language program¬ 
ming to the micro level. 

The Am29331 is interruptible at any microinstruction 
boundary to support real time Interrupts. Interrupts are 
handled transparently to the microprogrammer as an unex¬ 
pected procedure call. Traps are also handled transparent¬ 
ly at any microinstruction boundary. This feature allows re- 
execution of the prior microinstruction. Two separate buses 
are provided to bring a branch address directly into the chip 
from two sources to avoid slow turn-on and turn-off times 


for different sources connected to the data input bus. Four 
sets of multiway inputs are also provided to avoid slow turn¬ 
on and turn-off times for different branch address sources. 
This feature allows implementation of table look-up or use 
of external conditions as part of a branch address. The 
thirty-three-deep stack provides the ability to support inter¬ 
rupts, loops and subroutine nesting. The stack can be read 
through the D-bus to support diagnostics or to implement 
multitasking at the micro-architecture level. The master/ 
slave mode provides a complete function check for the 
device. 

The Am29331 is designed with the IMOX^^ process which 
allows internal ECL circuits with TTL compatible I/O. It is 
housed in a 120 pin-grid-array package. 


RELATED PRODUCTS 


Part No. 

Description 

Am29323 

32x32 Parallel Multiplier 

Am29326 

32-Blt Floating Point Processor 

Am29332 

32-Bit ALU 

Am29334 

64x18 Four-Port, Dual-Access Register File 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am29332 


32-Bit Arithmetic Logic Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Singte Chip, 32-Bit ALU 

Supports 80-90ns microcycle for the 32-bit data 
path. It is a combinatorial ALU with equal cycle 
time for ail instructions 
Flow Through Architecture 
A combinatorial ALU with two input data ports and 
one output data port allows implementation of paral¬ 
lel or pipelined architectures 
64-Bit In, 32-Bit Out Funnel Shifter 
This unique functional block allows n-bit shift-up, 
shift-down, 32-bit barrel shift or 32-bit field extract 


• Supports All Data Types 

It supports one-, two-, three- and four-byte data for 
all operations and variable-length fields for logical 
operations 

e Multiply and Divide Support 

Built-in hardware to support two-bit at a time modi¬ 
fied Boothjs algorithm and one-bit at a time division 
algorithm 

e Extensive Error Checking 

Parity check and generate provides data transmis¬ 
sion check. Master/slave mode provides complete 
functional checking 


GENERAL DESCRIPTION 


The Am29332 is a 32-bit wide non-cascadable ALU with 
integration of functions that normally don't cascade such as 
barrel shifters, priority encoders and mask generators. Two 
input data ports and one output data port provide flow 
through architecture and allow the designer to implement 
his/her architecture with any degree of pipelining and no 
built-in penalties for branching. Also, the simplicity of a 
three-bus ALU allows easy implementation of parallel or 
reconfigurable architectures. The register file is off-chip to 
allow unlimited expansion and regular addressability. 

The Am29332 supports one-, two-, three- and four-byte 
data for arithmetic and logic operations. It also supports 


multiprecision arithmetic and shift operations. For logical 
operations, it can support variable-length fields up to 32 
bits. When fewer than four bytes are selected, unselected 
bits are passed to the destination without modification. The 
device also supports two-bit at a time modified Booth's 
algorithm for high-speed multiplication and one-bit at a time 
division. Both signed and unsigned integers for ail byte 
aligned data types mentioned above are supported. 

The Am29332 is designed to support 80-90 ns microcycle 
time. The device is packaged in a 168 pin-grid-array 
package. 


RELATED PRODUCTS 


Part No. 

Description 

Am29323 

32x32 Parallel Multiplier 

Am29325 

32-Bit Floating Point Processor 

Am29331 

16-Bit Microprogram Sequencer 

Am29334 

64x18 Four-Port, Dual-Access Register File 
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Am29332 


















Am29334 


Am29334 


Four-Port, Dual-Access Register File 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Fast 

With an access time of 20ns, the Am29334 sup¬ 
ports 80-90ns microcycle when used with the 
Am29300 family for 32-bit systems. 

• 64x18 Bits Wide Register Fiie 

The Am29334 is a high-performance, high-speed, 
dual-access RAM with two READ ports and two 
WRITE ports, 
e Cascadable 

The Am29334 is cascadable to support either wider 
word width, deeper register files, or both. 


• Simplified Timing Control 

Control for write enable timing and for on-chip 
read/write multiplexer are derived from a single¬ 
phase clock input. 

e Byte Parity Storage 

Width of 18 bits facilitates byte parity storage for 
each port and provides consistency with the 
Am29332 32-bit ALU. 

e Byte Write Capability 

Byte-write enable pins allow byte or full word writes. 


GENERAL DESCRIPTION 


The Am29334 is a 64-word deep and 18-bit wide dual¬ 
access register file designed to support other members of 
the Am29300 family by providing high-speed storage. It has 
two write and two read ports for data and four 6-bit address 
ports. Two address ports are associated with each pair of 
read and write data ports; one to read data and the other to 
write. The device is capable of performing two reads and 
two writes In one cycle. The 18-bit wide register file allows 


storage of byte parity to support parity check and generate 
in the Am29332 32-bit ALU. Independent control for each 
read and write data port allows the Am29334 to be used as 
a high-speed shared memory or as a mailbox for a 
multiprocessor system. The device is designed to support 
an access time of 20ns. It is housed In a 120 pin-grid-array 
package. 


BLOCK DIAGRAM 
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RELATED PRODUCTS 


Part No. 

Description 

Part No. 

Description 

Am29323 

Am29325 

32x32 Parallel Multiplier 

32-Bit Floating Point Processor 

Am29331 

Am29332 

16-Bit Microprogram Sequencer 

32-Blt ALU 
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Am29360 

32-Bit Error Detection and Correction Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Boosts memory reliability 

- Corrects all single bit errors 

- Detects all double and some triple bit errors 

- Reliability of dynamic RAM memory system is in¬ 
creased 

• Very high speed 

- Perfect for microprocessor, minicomputer and main¬ 
frame systems 

• All necessary features are built-in to the Am29360 
including memory testing, Reconfiguration, Diagnostics, 
and Data In/Out, Data Bits Out and Check Bits Out 
latches 


• Handles data word widths from 8 - to 32-bits 

- Byte writes on all word widths from 8 - to 32-bits 

• Diagnostics built-in 

- The processor may exercise the memory or Am29360 
under software control to check for proper operations 

• Built-in Memory Timing Controller (MTC) 

- Supports byte writes 

- Delay line controlled timings 

- Arbitrates between refresh and memory request 

- Refresh internal timer for generating refresh requests 
independent of processor 


GENERAL DESCRIPTION 


The Am29360 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
32-bit data field according to a modified hamming code, 
and to correct a data word when check bits are supplied. 
Operating on data read from memory, the Am29360 will 
correct any single-bit error and will detect all double and 
some triple bit errors. For 32-bit words, 7 check bits are 
used. In all configurations, the device makes the error 
syndrome bits available on output signals S/C 0 -S/C 7 for 
data logging. 


The Am29360 also features diagnostic modes. In which 
diagnostic data can be forced into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. 

The built-in MTC (Memory Timing Controller) generates all 
timing signals for the on-board error detection and correc¬ 
tion function. The Am29360 also has a general purpose 
CPU interface and a Power-up sequence which includes 
eight RAS-only Wake-Up cycles, a two part Test (Read/ 
Write, Increment) and memory Initialize. 


BLOCK DIAGRAM 
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Am29368 


Am29368 

Dynamic Memory Controller (DMC) 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 

• Separate output enable for multi-channel access to 
memory 

• Supports scrubbing operations and nibble-mode access 

• IMOX^*^ processing 


GENERAL DESCRIPTION 

The Am29368 Dynamic Memory Controller (DMC) Is intend¬ 
ed to be used with today's high-performance memory 
systems. The DMC will act as the address controller 
between any processor and dynamic memory array, using 
its two 10-bit address latches to hold the Row and Column 
addresses for any DRAM up to 1 M-bit. These latches, and 
the two Row/Column refresh address counters, feed into a 
10-bit, 4-input MUX for output to the dynamic RAM address 
lines. A 2-blt bank select latch for the two high-order 
address bit s is pr ovided to select one each of the four 
RASn and CASn outputs. 


BLOCK DIAGRAM 
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The Am29368 has two basic modes of operation, read/ 
write and refresh. In refresh mode, the two counters cycle 
through the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat¬ 
ing up to 1024 addresses to refresh a 1024-cycle-refresh 
1 M-bit DRAM. When memory scrubbing is being performed, 
both the Row and Column counters ar e used to perform 
read-modify-write cycles. I n this m ode all RASn outputs will 
be active while only one CASn is active at a time. The 
Am29368 is available In a 52-pin dual in-line package. 


• Provides control for 16K, 64K, 256K, and 1 M-bit dynam¬ 
ic RAMs 

• Outputs directly drive up to 88 DRAMs, with a guaran¬ 
teed worst-case undershoot 

• Highest-order two address bits select one of four banks 
of RAMs 


IMOX is a registered trademark of Advanced Micro Devices, Inc. 
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Am2960-70 Memory Support Family 
System Overview 


INTRODUCTION 

Memory system designs are Increasingly shaped by three 
requirements; 

1 . Higher system performance 

2. More memory capacity In less space 

3. Increased reliability 

The Am2960-70 Memory Support Family is a family of LSI 
building blocks which excels in satisfying these three 
requirements and provides a complete systems solution for 
designs using 64K or 256K DRAMs. The family members 
include: 

Am2960 Error Detection and Correction Unit 

Am2961/62 EDC Bus Buffers 

Am2964B Dynamic Memory Controller (64K DRAM 

Version) 

Am2965/66 Dynamic RAM Drivers 

Am2968 Dynamic Memory Controller (256K DRAM 

Version) 

Am2969 Timing Controller 
Am2970 Timing Controller 

Am8163/67 System and Timing Controller for MOS 
MPUs 

These are general purpose products. They will support any 
supplier's DRAMs and will work with any processor type: 
8086, 80186, 80286, 68000, Z8000, and Am2900 proces¬ 
sors. They may also be used to support word widths of any 
size from 8 bits to 64 bits. 

Figure 1 shows the system interconnection for a typical 
memory system for 256K DRAMs, and Figure 2 shows the 
system interconnection for a typical memory system using 
64K DRAMs. In both cases, the memory support subsys¬ 
tem interfaces to the System Data Bus, Address Bus, and 
control signals. Also, in both cases all, or almost all, of the 
memory support functions are handled by AMD LSI de¬ 
vices. This simplifies the design of the memory system and, 
more importantly, allows the board space available for 
DRAMs to be maximized because the LSI solution for 
control and error correction is very compact. 

ERROR DETECTION AND CORRECTION 

It is Important that memory systems function reliably. The 
number of bytes of storage is increasing rapidly in memory 
systems at the same time that the density of the MOS 
DRAMs is growing. With 64K and 256K DRAMs, alpha 
particle sensitivity is much greater than that of smaller 
DRAMs because of the reduced size of the memory cells 
and the smaller stored charge of the cell. A Technical 
Report follows the Am2960 data sheet in this section and is 
entitled "Am2960 Boosts Memory Reliability." This techni¬ 
cal report gives some statistics on soft error rates for 
DRAMs. It also demonstrates the dramatic increase in 
memory reliability gained from the use of Hamming Code 
Error Detection and Correction schemes, such as those 
used by the Am2960 EDC (Error Detection and Correction) 
unit. 

Data interface between the dynamic memories, the 
Am2960 EDC chip, and the system data bus is accom¬ 


plished by means of the Am2961 /62 bus buffers. Figure 3 
depicts the architecture of these devices along with a 
simplified block diagram of the Am2960. The Am2961 is 
Inverting between the system data bus and the EDC bus 
while the Am2962 is noninverting. As shown in Figure 3, the 
Am2961 and Am2962 contain two internal latches, a 
multiplexer, and a RAM driver output buffer. 

These devices feature 4-bit-wide data paths to and from the 
RAM, the EDC, and the system data bus. The bus-input (Bl) 
latch is used predominantly in byte WRITE operations, so 
that an incoming byte from the system data bus can be 
stored while the memory is being read, and any necessary 
correction made in the bytes not being changed. The bus- 
output (BO) latch is used predominantly for storing the 
output data if the processor is in the single-step mode. In 
the single-step mode it is necessary to hold the output data 
on the system data bus, but the memory must be released 
for refresh. 

The Am2960 Error Detection and Correction Unit contains 
all the logic necessary to generate check bits on a 16-bit 
data field according to a modified Hamming code and to 
correct the data word when check bits are supplied. 
Operating on the data read from memory, the Am2960 will 
correct any single-bit error and will detect all double- and 
some triple-bit errors. For 16-bit words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 
words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome bits 
available on separate outputs for data logging. 

The Am2960 also features two diagnostic modes in which 
diagnostic data can be forced into portions of the device to 
simplify device testing and to execute system diagnostic 
functions. 

The 16-bit Diagnostic Latch is loadable from the bidirection¬ 
al data lines under control of the Diagnostic Latch Enable, 
LE DIAG. It contains check bit information in one byte and 
control information in the other, and is used for driving the 
device when in the Internal Control mode, or for supplying 
check bits when in one of the Diagnostic modes. 

The control logic determines the specific operating mode. 
Normally the control logic is driven by external control 
inputs; however, in the Internal Control mode, the control 
signals are Instead read from the Diagnostic Latch. 

The Am2960 is a very fast EDC device, but even faster 
versions will soon be available. A speed selected version, 
the Am2960-1, is described in the Am2960 data sheet, and 
an IMOX^*^ version, the Am2960A, will be available by late 
1984. All speed-improved versions have identical functions 
and are electrically plug-compatible with the current 
Am2960. 

MEMORY SYSTEM CONTROL AND TIMING 

Two Dynami c Mem ory Cont rollers are available for generat¬ 
ing address, RAS, and CAS signals for memory banks. The 
Am2964B is designed to work with 64K DRAMs of which 
each device can handle up to four banks for a total control 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am2960-70 Memory SuppK>rt 
Family System Overview 


capacity of 256K words. The new Am2968 is designed to work 
with 256K DR AMs and can also handle up to four banks for a 
total control capacity of 1 Megaword (the words can be as 
many bits wide as desired). Also, the Am2968 does not require 
external driver chips as does the Am2964B - the Am2968 has 
the memory drivers, with ail of the undershoot control and 


spee d feat ures of the Am2965/66. built right into its address, 
RAS, and CAS outputs. 

For generating the timing and control signals required by the 
Am2964B/68 and the Am2960/61/62, there are several 
different devices available, optimized for^ different system 
requirements. For MOS Microprocessor systems, use the 
Am8163 or Am8167. 


Figure 1. New Generation Am2900 High Performance Memory Subsystem 
Using 256K or 64K DRAMs 



AF000580 


Figure 2. Am2900 High Performance Memory Subsystem Using 64K DRAMs 
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Am2960-70 Memory Support 
Family System Overview 


Both of these devices will interface easily to iAPX86/186, 
Z8000, or 68000 microprocessors. The Am8163 and Am8167 
provide the control signals and timing signals for the memory 
controllers, the EDC, and the data bus buffers - in addition, the 
Am8163/67 decode the memory system control signals direct¬ 
ly from the MOS Microprocessor, requiring in most cases only 
a few gates and at most a single PAL^*^ for Interfacing. In this 
section are detailed block diagrams of systems showing how 
to interface the Am2960-70 Family devices to the most 
popular MOS microprocessors. 

For high-performance Am2900-based processors or other 
high-speed processor designs, use the Am2969 or Am2970 to 
generate timing and control signals. 

Following is a description of the function of the Am2964B/65/ 
66 for Dynamic Memory Control for 64K DRAMs. The Am2968 
incorporates these features and more into a single IC for use 
with 256K DRAMs. 

The Am2964B Dynamic Memory Con trolle r is u sed to provide 
all address handling, as well as RAS and CAS decoding and 
control. A block diagram of the Am2964B Dynamic Memory 
Controller is shown In Figure 5. The device contains 18 Input 
latches for capturing an 18-blt address for memory control; the 
two highest order addresses are decoded in the Am2964B to 
selec t one of four banks of RAM by selecting one of the four 
RAS outputs. 

The Am2964B is designed to operate with either 16K Dynamic 
F|AMs or 64K Dynamic RAMs. Thus, the designer either uses 
14 of the multiplexer address inputs and 7 of the address 
outputs or all 16 of the multiplexer address inputs and all 8 of 
the address outputs as needed by the memory. In the case of 
16K Dynamic RAMs , 7 address inputs are provided to the 
RAM during the RAS LOW signal, and then the 8-bit multiplex¬ 
er is switched so th at 7 upper address bits are provided to the 
RAM for the CAS LOW part of the cycle. The Am2964B 


Dynamic Memory Controller contains an 8-bit refresh counter 
that is used to supply the refresh address to the dynamic 
memory during the refresh cycle. This counter can b e used in 
either the 128 or 256 line refresh mode. A CAS buffer is 
included in the dynamic memory controller so that the CAS 
output can be inhibited during refresh. 

Normal operation of the Dynamic Memory Controller is to 
provide the address, close the input address latches and kick 
off a norm al memory cycle. This is accomplishe d by bringing 
the RASI Input LOW, which wil l cau se one of the RAS outputs 
to go LOW. After the required RAS hold time, the MSEL input 
will be used to switc h the multiplexer to the other address 
latch. Then the CASI input will be driven L OW, causing the 
CASO output to go LOW and execute the CAS part of the 
memo ry cycle. The refresh cycle is executed by driving the 
RF§H Input LOW, which causes the multiplexer t o conn ect the 
refresh counter to its address outpu ts. Th en the RA^I input is 
driven LOW, which causes all four RAS outputs to go LOW. 
This will simultaneously refresh ail four banks of dynamic 
RAMs controlled by the Am 2 964B Dynamic Memory Control¬ 
ler. When either the RFSH or RASI Input is brought HIGH, the 
refresh counter is advanced so it will be ready for the next 
refresh cycle. 

As can be seen in Figure 1, Dynamic RAM Driv ers can be u sed 
in large memory s ystems to buffer the Address, RAS, CA$ and 
WRITE ENABLE signals to the RAMs. The Am2965 and 
Am2966 are pin-compatible devices with the Am74S240 and 
Am74S244. These RAM drivers are specifically designed for 
driving dynamic RAMs and feature high capacitance drive, 
guaranteed maximum undershoot of less than -0.5 volts, and 
high Vqh of greater than Vcc= 115 volts. The Am2965 is 
inverting and the Am2966 is noninverting. The devices feature 
symmetrical rise and fall times and have guaranteed minimum 
and maximum tpo specifications for both 50pF and 500pF 
loads. 


Figure 5. Am2964B Dynamic Memory Controller 
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Am2960/Am2960A 

16-Bit Error Detection and Correction Unit 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Boosts Memory Reliability 

Corrects all single-bit errors. Detects all double and 
some triple-bit errors. Reliability of dynamic RAM 
systems is increased more than 60-fold. 

• Very High Speed 

Perfect for MOS microprocessor, minicomputer, and 
main-frame systems. 

- Data in to error detect: 32ns worst case. 

- Data in to corrected data out: 65ns worst case. 
High performance systems can use the Am2960 EDC 
In check-only mode to avoid memory system slow¬ 
down. 


• Handles Data Words From 8 Bits to 64 Bits 

The Am2960 EDC cascades: 1 EDC for 8 bits or 
16 bits, 2 for 32 bits, 4 for 64 bits. 

• Easy Byte Operations 

Separate byte enables on the data out latch simpli¬ 
fy the steps and cut the time required for byte 
writes. 

• Diagnostics Built-in 

The processor may completely exercise the EDC 
under software control to check for proper operation 
of the EDC. 


GENERAL DESCRIPTION 


The Am2960 Error Detection and Correction Unit (EDC) 
contains the logic necessary to generate check bits on a 
16-bit data field according to a modified Hamming Code, 
and to correct the data word when check bits are supplied. 
Operating on data read from memory, the Am2960 will 
correct any single-bit error and will detect all double and 
some triple-bit errors. For 16-blt words, 6 check bits are 
used. The Am2960 is expandable to operate on 32-bit 


words (7 check bits) and 64-bit words (8 check bits). In all 
configurations, the device makes the error syndrome avail¬ 
able on separate outputs for data logging. 

The Am2960 also features two diagnostic modes, in which 
diagnostic data can be forced Into portions of the chip to 
simplify device testing and to execute system diagnostic 
functions. The product is supplied In a 48 lead hermetic DIP 
package. 


BLOCK DIAGRAM 
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Am2960/Am2960A 




Am2960/Am2960A 


CONNECTION DIAGRAM 
Top View 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


>—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0*C to +70®C) 

M - Military (-55^0 to -H25X) 
Package 

D- 48-pin CERDIP (D-48-2) 

X-Dice 


Valid Combinations | 

Am2960 

Am2960A 

DC, DCB, DM, 
DMB 

XC, XM 


Device type 

Cascadable 16-Blt Error Detection 
and Correction Unit 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


DATAq- 15 

I/O 

16 bidirectional data lines. They provide input to the Data Input Latch and Diagnostic Latch, and receive output from 
the Data Output Latch. DATAq is the least significant bit; DATA 15 the most significant. 


CBo-6 

1 

Seven Check Bit input lines. The check bit lines are used to input check bits for error detection. Also used to input 
syndrome bits for error correction in 32 and 64-bit configurations. 

6 

LE IN 

1 

Latch Enable - Data Input Latch. Controls latching of the input data. When HIGH, the Data Input Latch and Check Bit 
Input Latch follow the input data and input check bits. When LOW, the Data Input Latch and Check Bit Input Latch are 
latched to their previous state. 

42 

G0^ER- 

ATE 

1 

Generate Check Bits input. When this input is LOW, the EDC is in the Check Bit Generate Mode. When HIGH, the 
EDC is in the Detect Mode or Correct Mode. 

In the Generate Mode the circuit generates the check bits or partial check bits specific to the data in the Data Input 
Latch. The generated check bits are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects single and multiple errors, and generates syndrome bits based upon 
the contents of the Data Input Latch and Check Bit Input Latch. In Correct Mode, single-bit errors are also 
automatically corrected - corrected data is placed at the inputs of the Data Output Latch. The syndrome result is 
placed on the SC outputs and indicates in a coded form the number of errors and the bit-in-error. 


SCo -6 

0 

Syndrome/Check Bit outputs. These seven lines hold the check/partial-check bits when the EDC is in Generate 
Mode, and will hold the syndrome/partial syndrome bits when the device is in Detect or Correct Modes. These are 3- 
state outputs. 

31 

6E SC 

1 

Output Enable - Syndrome/Check Bits. When LOW, the 3-state output lines SCq _ 5 are enabled. When HIGH, the SC 
outputs are in the high impedance state. 

32 

error 

o 

Error Detected output. When the EDC is in Detect or Correct Mode, this output will go LOW if one or more syndrome 
bits are asserted, meaning there are one or more bit errors in the data or check bits. If no syndrome bits are asserted, 
there are no errors detected and the output will be HIGH. In Generate Mode, ERROR is forced HIGH. (In a 64-bit 
configuration, ERROR must be externally implemented.) 

33 

MULT 

0 

Multiple Errors Detected output. When the EDC is in Detect or Correct Mode, this output if LOW indicates that there 
are two or more bit errors that have been detected. If HIGH, this indicates that either one or no errors have been 
detected. In Generate mode, MULT ERROR is forced HIGH. (In a 64-bit configuration, MULT ERROR must be 
externally implemented.) 

ERROR 

1 

CORRECT 

1 

Correct input. When HIGH, this signal allows the correction network to correct any single-bit error in the Data Input 
Latch (by complementing the bit-in-error) before putting It into the Data Output Latch. When LOW, the EDC will drive 
data directly from the Data Input Latch to the Data Output Latch without correction. 

19 

LE OUT 

1 

Latch Enable - Data Output Latch. Controls the latching of the Data Output Latch. When LOW, the Data Output Latch 
is latched to its previous state. When HIGH, the Data Output Latch follows the output of the Data Input Latch as 
modified by the correction logic network. In Correct Mode, single-bit errors are corrected by the network before 
loading into the Data Output Latch. In Detect Mode, the contents of the Data Input Latch are passed through the 
correction network unchanged into the Data Output Latch. The inputs to the Data Output Latch are unspecified if the 
EDC is in Generate Mode. 

8 , 18 

BYTE 0, 

De 

BYTE 1 

1 

Output Enable - Bytes 0 and 1, Data Output Latch. These lines cgntrol the 3-state outputs for each of the two bytes of 
the Data Output Latch, When LOW, these lines enable the Data Output Latch, and when HIGH these lines force the 
Data Output Latch into the high impedance state. The two enable lines can be separately activated to enable only one 
byte of the Data Output Latch at a time. 

48 

PASS 

THRU 

1 

Pass Thru input. This line when HIGH forces the contents of the Check Bit Input Latch onto the Syndrome/Check Bit 
outputs (SCo-e) and the unmodified contents of the Data Input Latch onto the inputs of the Data Output Latch. 

47, 48 

DIAG 

MODEo -1 

1 

Diagnostic Mode Select. These two lines control the Initialization and diagnostic operation of the EDC. 

43, 44, 45 

CODE 

IDo -2 

1 

Code Identification inputs. These three bits identify the size of the total data word to be processed and which 16-bit 
slice of larger data words a particular EDC is processing. The three allowable data word sizes are 16, 32 and 64 bits 
and their respective modified Hamming codes are designated 16/22, 32/39 and 64/72. Special CODE ID input 001 
(ID 2 , ID 1 , IDq) is also used to instruct the EDC that the signals CODE IDo_ 2 , DIAG MODEq. 1 , CORRECT and PASS 
THRU are to be taken from the Diagnostic Latch, rather than from the input control lines. 

7 

LE DIAG 

1 

Latch Enable - Diagnostic Latch. When HIGH, the Diagnostic Latch follows the 16-bit data on the input lines. When 
LOW, the outputs of the Diagnostic Latch are latched to their previous states. The Diagnostic Latch holds diagnostic^t 
check bits, and internal control signals for CODE IDo_ 2 , DIAG MODEo_i, CORRECT and PASS THRU. 
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EDO Architecture 

The EDC Unit is a powerful 16-bit cascadable slice used for 
check bit generation, error detection, error correction and 
diagnostics. 

As shown in the block diagram, the device consists of the 
following: 

- Data Input Latch 

- Check Bit Input Latch 

- Check Bit Generation Logic 

- Syndrome Generation Logic 

- Error Detection Logic 
~ Error Correction Logic 

- Data Output Latch 

- Diagnostic Latch 

- Control Logic 

Data Input Latch 

16 bits of data are loaded from the bidirectional DATA lines 
under control of the Latch Enable input, LE IN. Depending on 
the control mode, the input data is either used for check bit 
generation or error detection/correction. 

Check Bit Input Latch 

Seven check bits are loaded under control of LE IN. Check 
bits are used in the Error Detection and Error Correction 
modes. 

Check Bit Generation Logic 

This block generates the appropriate check bits for the 16 bits 
of data in the Data Input Latch. The check bits are generated 
according to a modified Hamming code. 

Syndrome Generation Logic 

In both Error Detection and Error Correction modes, this logic 
block compares the check bits read from memory against a 
newly generated set of check bits produced for the data read 
In from memory. If both sets of check bits match, then there 
are no errors. If there is a mismatch, then one or more of the 
data or check bits Is in error. 

The syndrome bits are produced by an exclusive-OR of the 
two sets of check bits. If the two sets of check bits are 
identical (meaning there are no errors) the syndrome bits will 
be all zeroes. If there are errors, the syndrome bits can be 


decoded to determine the number of errors and the bit-in- 
error. 

Error Detection Logic 

This section decodes the syndrome bits generated by the 
Syndrome Generation Logic. If t here are no err ors in either the 
input data or check bits, the ERROR and MULT ERRdi=l 
outputs remain HIGH. If one or more errors are detected, 
ERROR goes LOW. If two or more errors are detected, both 
ERROR and MULT ERROR go LOW. 

Error Correction Logic 

For single errors, the Error Correction Logic complements 
(corrects) the single data bit in error. This corrected data is 
loadable into the Data Output Latch, which can then be read 
onto the bidirectional data lines. If the single error Is one of the 
check bits, the correction logic does not place corrected 
check bits on the syndrome/check bit outputs. If the corrected 
check bits are needed, the EDC must be switched to Generate 
Mode. 

Data Output Latch 

The Data Output Latch is used for storing the result of an error 
correction operation. The latch is loaded from the correction 
logic under control of the Data Output Latch Enable, LE OUT. 
The Data Output Latch may also be loaded directly from the 
Data Input Latch under control of the PASS THRU control 
input. 

The Data Output Latch Is split Into two 8-blt (byte) latches 
which may be enabled independently for reading onto the 
bidirectional data lines. 

Diagnostic Latch 

This Is a 16-bit latch loadable from the bidirectional data lines 
under control of the Diagnostic Latch Enable, LE DIAG. The 
Diagnostic Latch contains check bit information in one byte 
and control information in the other byte. The Diagnostic Latch 
is used for driving the device when in Internal Control Mode, or 
for supplying check bits when in one of the Diagnostic Modes. 

Control Logic 

The control logic determines the specific mode the device 
operates in. Normally the control logic is driven by external 
control inputs. However, In Internal Control Mode, the control 
signals are instead read from the Diagnostic Latch. 
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DETAILED DESCRIPTION 

The EDC contains the logic necessary to generate check bits 
on a 16-bit data field according to a modified Hamming code. 
Operating on data read from memory, the EDC will correct any 
single-bit error, and will detect all double and some triple-bit 
errors. The Am2960 may be configured to operate on 16-bit 
data words (with 6 check bits), 32-bit data words (with 7 check 
bits) and 64-bit data words (with 8 check bits). In fact the EDC 
can be configured to work on data words from 8 to 64 bits. In 
all configurations, the device makes the error syndrome bits 
available on separate outputs for error data logging. 

Code and Byte Specification 

The EDC may be configured in several different ways and 
operates differently In each configuration. It is necessary to 
indicate to the device what size data word is involved and 
which bytes of the data word it is processing. This is done with 
input lines CODE ID 0 - 2 . as shown in Table I. The three 
modified Hamming codes referred to in Table I are: 

• 16/22 - 16 data bits 

- 6 check bits 

- 22 bits In total. 

• 32/39 code - 32 data bits 

- 7 check bits 

- 39 bits In total. 

• 64/72 code - 64 data bits 

- 8 check bits 

- 72 bits in total. 

CODE ID input 001 (ID 2 , ID 1 , IDq) is a special code used to 
operate the device in Internal Control Mode (described later in 
this section). 


Control Mode Selection 

The device control lines are GENERATE, CORRECT, PASS 
THRU, DIAG MODEo-i and CODE ID 0 . 2 . Table III indicates 
the operating modes selected by various combinations of the 
control line inputs. 

Diagnostics 

Table II shows specifically how DIAG MODEq-i select be¬ 
tween normal operation. Initialization, and one of two diagnos¬ 
tic modes. 

The Diagnostic Modes allow the user to operate the EDC 
under software control in order to verify proper functioning of 
the device. 

Check and Syndrome Bit Labeling 

The check bits generated in the EDC are designated as 
follows: 

• 16-bit configuration - CX CO, Cl, C2, C4, C8; 

• 32-bit configuration - CX, CO, Cl, C2, C4, C8, Cl6; 

• 64-bit configuration - CX, CO, Cl, C2, C4, C8, Cl6, C32. 

Syndrome bits are similarly labeled SX through S32. There are 
only 6 syndrome bits in the 16-blt configuration, 7 for 32 bits, 
and 8 syndrome bits in the 64-bit configuration. 

Initialize Mode 

The inputs of the Data Output Latch are forced to zeroes. The 
check bit outputs (S C) are generated to correspond to the all¬ 
zero data. ERROR and MULT ERROR are forced HIGH in the 
initialize Mode. 

Initialize Mode is useful after power up when RAM contents 
are random. The EDC may be placed in initialize mode and its' 
outputs written In to all memory locations by the processor. 


TABLE I. HAMMING CODE AND SLiCE IDENTIFICATION. 


CODE 

ID 2 

CODE 

ID 1 

CODE 

IDo 

Hamming Code and Slice Selected 

0 

0 

0 

Code 16/22 

0 

0 

1 

Internal Control Mode 

0 

1 

0 

Code 32/39, Bytes 0 and 1 

0 

1 

1 

Code 32/39, Bytes 2 and 3 

1 

0 

0 

Code 64/72, Bytes 0 and 1 

1 

0 

1 

Code 64/72, Bytes 2 and 3 

1 

1 

0 

Code 64/72, Bytes 4 and 5 

1 

1 

1 

Code 64/72, Bytes 6 and 7 


TABLE II. DIAGNOSTIC MODE CONTROL. 


DIAG 

MODEi 

DIAG 

MODEq 

Diagnostic Mode Selected 

0 

0 

Non-diagnostic mode. The EDC functions normally in all modes. 

0 

1 

Diagnostic Generate. The contents of the Diagnostic Latch are substituted for the normally 
generated check bits when in the Generate Mode. The EDC functions normally in the Detect or 
Correct modes. 

1 

0 

' 

Diagnostic Detect/Correct. In the Detect or Correct Mode, the contents of the Diagnostic Latch 
are substituted for the check bits normally read from the Check Bit Input Latch. The EDC 
functions normally in the Generate Mode. 

1 

1 

Initialize. The outputs of the Data Input Latch are forced to zeroes (and latched upon removal of 
the Initialize Mode) and the check bits generated correspond to the all-zero data. 
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HAMMING CODE SELECTION 

The Am296G EDC uses a modified Hamming Code that allows 
1. the EDC to be cascaded, 2. all double errors to be detected, 
3. the gross error conditions of all Os or Is to be detected. 

The error correction code can be selected independent of the 
processor with the exception of diagnostics software. 

Diagnostic software run by a processor to check out the EDC 
system must know specifically which code is being used. This 


Is only a problem when the EDC replaces an existing MSI 
Implementation on an existing computer. In this case, the 
computer's software must first determine which of two codes 
(the old one used by the MSI implementation or the new one 
used by the EDC) is used by the computer's memory system. 

This is easily determined by writing a test data word into 
memory and then examining whether the generated check bits 
are typical of the old or the new code. From then on the 
software runs only the diagnostic appropriate for the code 
used on that particular computer's memory system. 


TABLE III. Am2960 OPERATING MODES 


Operating 

Mode 


GENERATE 



0 

1 

Normal 

0 

0 

Generate 

Correct* 

Diagnostic 

Generate 

0 

1 

Diagnostic 

Generate 

Correct* 

Diagnostic 

Correct 

1 

0 

Generate 

Diagnostic 

Correct* 

Initialize 

1 

1 

Initialize 

Initialize 

Pass Thru 

When PASS THRU is asserted, the Operating 

Mode is defaulted to the Pass Thru Mode. 


*Correct if the CORRECT Input is HIGH, Detect if the CORRECT 
Input is LOW. 

**ln Code ld 2 -o 001 (ID 2 , IDi, IDq) DM^ and DMq are taken from the 
Diagnostic Latch. 


16-BIT DATA WORD CONFIGURATION 

The 16-bit format consists of 16 data bits, 6 check bits and is 
referred to as 16/22 code (see Figure 5.) 

The 16-bit configuration is shown in Figure 6 . 

Generate Mode 

In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat¬ 
ed are placed on the outputs SCq-b (SCe is a logical one, or 
high). 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table IV. Each check bit is generated as either an 
XOR or XNOR of eight of the 16 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR is an odd parity check bit. 

Figure 1 shows the data flow in the Generate Mode. 

Detect Mode 

In this mode the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors and som e triple-bit 
errors. If one or more errors are de tected, ERROR goes LOW. 
If two or more errors are detected, MULT ERROR goes LOW. 
Both error indicators are HIGH If there are no errors. 

Also available on device outputs SC 0-5 a*'® the syndrome bits 
generated by the error detection step. The syndrome bits may 
be decoded to determine if a bit error was detected and, for 
single-bit errors, which of the data or check bits Is In error. 
Table V gives the chart for decoding the syndrome bits 
generated by the 16-bit configuration (as an example, if the 
syndrome bits SX/S0/S1/S2/S4/S8 were 101001, this would 
be decoded to indicate that there is a single-bit error at data bit 
9). If no error is detected, the syndrome bits will all be zeroes. 


In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
correction. 

Correct Mode 

In this mode, the EDC functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. (See 
Figure 2.) If multiple errors are detected, the output of the 
correction network Is unspecified. If the single-bit error is a 
check bit, there is no automatic correction. If check bit 
correction is desired, this can be done by placing the device In 
Generate Mode to produce a correct check bit sequence for 
the data in the Data Input Latch. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SC 0 - 5 . ERROR and MULT ERROR are forced HIGH In this 
mode. 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table VI shows the loading definitions 
for the DATA lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG 
MODEo -1 where either normal check bit inputs or outputs are 
substituted for by check bits loaded into the Diagnostic Latch 
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(see Tabis ill for details). Figures 3 and 4 illustrate the flow of 
data during the two diagnostic modes. 

Internal Control Mode 


When in Internal Control Mode, the EDC takes the CODE 
IDo. 2 . DIAG MODEo-i, CORRECT and PASS THRU control 
signals from the internal Diagnostic Latch rather than from the 
external input lines. 


This mode is selected by CODE IDo-a input 001 (ID 2 , ID 1 , IDq). Table VI gives the format for loading the Diagnostic Latch. 


OEBYTEO 
CBm 
(CHECK BITS) 




Figure 1. Check Bit Generation 


Figure 2. Error Detection and Correction 
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Figure 3. Diagnostic Check Bit Generation 



DF000280 


Figure 4. Diagnostic Detect and Correct 



4-13 


03565C 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2960/Am2960A 


















INPUT CHECK BITS 
FOR 16-BIT CONFIGURATION 


CX I CO I Cl I C2 I C4 I C8 


DF000220 

Uses Modified Hamming Code 16/22 
-16 data bits 

- 6 check bits 

- 22 bits in total 


Figure 5. 16-Bit Data Format 


' -' DON’T 

DATA;).is CX CO Cl C2 C4 C8 CARE 






DATAo .15 CBo CBi CB2 CB3 CB4 CBg CBg 

CODE 

EDC ,0 

SCo SC, SC2 SC3 SC4 SC5 SCe 



n 

sx/cx 

S1/C1 

S4/C4 

HIGH 


SO/CO S2/C2 S8/C8 


SYNDROME/CHECK BIT OUTPUTS 
FOR le-BIT CONRGURATION 


DF000210 


Figure 6. 16-Bit Configuration 


SYNDROME DECODE 
TO BiT-IN-ERROR 
8-BIT MODE 


Syndrome S4 
Bits S2 

SO SI 

0 

0 

1 

0 

0 

1 

,1 

1 

0 0 

* 

C4 

C2 

5 

0 1 

Cl 

3 

TM 

7 

1 0 

CO 

2 

1 

6 

1 1 

TM 

4 

0 

TM 


* - no errors detected 
TM - two or more errors 
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TABLE IV. 16-BIT MODIFIED HAMMING CODE ~ CHECK BIT ENCODE CHART 


Generated 


Participating Data Bits 

Check Bits 

Parity 

D 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

CX 

Even (XOR) 


X 

X 

X 

X 

X 

X 


X 

X 

CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 

Cl 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 



X 


X 

C2 

Odd (XNOR) 

X 

X 




X 

X 

X 

X 

X 

X 



C4 

Even (XOR) 



X 

X 

X 

X 

X 

X 




X 

X 

C 8 

Even (XOR) 



JL 

X 

X 

JL 

X 

X 

X 

X 


The check bit is generated as either an XOR or XNOR of the eight data bits noted by an "X" in the table. 


TABLE V. 

SYNDROME DECODE TO BIT-IN-ERROR 


Syndrome 

Bits 

SX SO SI 

S8 

S4 

S2 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 


«r 

C8 

C4 

T 

C2 

T 

T 

M 

0 

0 

1 


Cl 

T 

T 

15 

T 

13 

7 

T 

0 

1 

0 


CO 

T 

T 

M 

T 

12 

6 

T 

0 

1 

1 


T 

10 

4 

T 

0 

T 

T 

M 

1 

0 

0 


CX 

T 

T- 

14 

T 

11 

5 

T 

1 

0 

1 


T 

9 

3 

T 

M 

T 

T 

M 

1 

1 

0 


T 

8 

2 

T 

1 

T 

T 

M 

1 

1 

1 


M 

T 

T 

M 

T 

M 

M 

T 


* - no errors detected 

Number - location of the single bit-in-error 

T - two errors detected 

M - three or more errors detected 


TABLE VI. 

DIAGNOSTIC LATCH LOADING - 
16-BIT FORMAT 


Data Bit 

internal Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 , 7 

Don't Care 

8 

CODE ID 0 

9 

CODE ID 1 

10 

CODE ID 2 

11 

DIAG MODE 0 

12 

DIAG MODE 1 

13 

CORRECT 

14 

PASS THRU 

15 

Don’t Care 


32-BIT DATA WORD CONFIGURATION 

The 32-bit format consists of 32 data bits and 7 check bits and 
is referred to as 32/39 code (see Figure 7). 

The 32-bit configuration is shown in Figure 8 . 

The upper EDC (Slice 0/1) handles the least significant bytes 
0 and 1 - the external DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. The lower EDC 
(Slice 2/3) handles the most significant bytes 2 and 3—the 
external DATA lines for bits 16 to 31 are connected to inputs 
DATAo through DATA-] 5 respectively. 

The valid syndrome and check bit outputs are those of Slice 
2/3 as shown in the diagram. In Correct Mode these must be 
read into Slice 0/1 via the CB inputs and are selected by the 
MUX as inputs to the bit-in-error decoder (see block diagram). 
This requires external buffering and output enabling of the 
check bit lines, as shown. The ^ SC signal can be used to 
control enabling of check bit inputs - when syndrome outputs 
are enabled, the external check bit inputs will be disabled. 

The valid ERROR and MULT EftROR outputs are those of the 
Slice 2/3. The ERROR and MULT ERROR outputs of Slice 0/ 


1 are unspecified. All of the latch enables and control signals 
must be input to both of the devices. 

Generate Mode 

In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat¬ 
ed are placed on the outputs SCo -6 of Slice 2/3. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table X. Check bits are generated as either an 
XOR or XNOR of 16 of the 32 data bits as indicated in the 
table. The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 

Detect Mode 

In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
all single-bit errors, all double-bit errors, and som e triple-bit 
errors. If one or more errors are de tected, ERROR goes LOW. 
If two or more errors are detected, MULT ERROR goes LOW. 
Both error indicators are HIGH if there are no errors. The valid 
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ERROR and MULT ERROR signals are those of Slice 2/ 
3-those of Slice 0/1 are undefined. 

Also available on Slice 2/3 outputs SCq-b are the syndrome 
bits generated by the error detection step. The syndrome bits 
may be decoded to determine if a bit error was detected and, 
for single-bit errors, which of the data or check bits is in error. 
Table VII gives the chart for decoding the syndrome bits 
generated for the 32-bit configuration (as an example, if the 
syndrome bits SX/S0/S1/S2/S4/S8/S16 were 0010011, this 
would be decoded to indicate that there is a single-bit error at 
data bit 25). If no error is detected, the syndrome bits will be all 
zeroes. 

In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
corrections. 

Correct Mode 

In this mode, the EDO functions the same as in Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. If 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 
there is no automatic correction; if desired, this would be done 
by placing the device in Generate Mode to produce a correct 
check bit sequence for the data in the Data Input Latch. 

For data correction, both Slices 0/1 and 2/3 require access to 
the syndrome bits on Slice 2/3's outputs SGo-e- Slice 2/3 has 
access to these syndrome bits through internal data paths, but 
for Slice 0/1 they must be read through the inputs CBo-e- The 
device connections for this are shown in Figure 8. When in 
Correct Mode, the SC outputs must be enabled so that they 
are available for reading in through the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output latch, and the 
contents of the Check Bit Input Latch are placed on outputs 
SCo-6 of Slice 2/3. ERROR and MULT ERROR are forced 
HIGH in this mode. 


TABLE Vll. 

SYNDROME DECODE TO BIT-IN-ERROR 


Syndrome 

Bits 

SX SO SI S2 

S16 

S8 

S4 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 


« 

C16 

C8 

T 

C4 

T 

T 

30 

0 

0 

0 

1 


C2 

T 

T 

27 

T 

5 

M 

T 

0 

0 

1 

0 


C1 

T 

T 

25 

T 

3 

15 

T 

0 

0 

1 

1 


T 

M 

13 

T 

23 

T 

T 

M 

0 

1 

0 

0 


CO 

T 

T 

24 

T 

2 

M 

T 

0 

1 

0 

1 


T 

1 

12 

T 

22 

T 

T 

M 

0 

1 

1 

0 


T 

M 

10 

T 

20 

T 

T 

M 

0 

1 

1 

1 


16 

T 

T 

M 

T 

M 

M 

T 

1 

0 

0 

0 


CX 

T 

T 

M 

T 

M 

14 

T 

1 

0 

0 

1 


T 

M 

11 

T 

21 

T 

T 

M 

1 

0 

1 

0 


T 

M 

9 

T 

19 

T 

T 

31 

1 

0 

1 

1 


M 

T 

T 

29 

T 

7 

M 

T 

1 

1 

0 

0 


T 

M 

8 

T 

18 

T 

T 

M 

1 

1 

0 

1 


17 

T 

T 

28 

T 

6 

M 

T 

1 

1 

1 

0 


M 

T 

T 

26 

T 

4 

M 

T 

1 

1 

1 

1 


T 

0 

M 

T 

M 

T i 

T 

_1 

M 


* - no errors detected 

Number - number of the single bit-in-error 

T - two errors detected 

M - three or more errors detected 


DATA CHECK BITS 


BYTES 

BYTE 2 

BYTE1 

BYTEO 

0 

0 

0 

0 

0 

C 8 

CIS j 

31 24 

23 16 

15 8 








Figure 7. 32-Bit Data Format 
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INPUT DATA INPUT CHECK BITS 



E?n^ MULti SX/CX SO/CO S1/C1 S2/C2 S4/C4 S8/C8 S16/C16 

ERROR ■ . _^ 

OUTPUT SYNOROME/CHECK BITS 


DF000110 

*Check Bit Latch is Forced Transparent in this Code ID Combination for this Slice. 


Figure 8. 32-Bit Configuration 


TABLE VIII. 

KEY AC CALCULATIONS FOR THE 32-BIT CONFIGURATION 


32-Bit 

Propagation Deiay 

Component Deiay from Am2960 

AC Specifications, Tabie C 

From 

To 

DATA 

Check Bits 

Out 

(Data to SC) + (CB to SC, CODE ID 011) 

DATA In 

Corrected 

DATA Out 

(DATA to SC) + (CB to SC, CODE ID 011) + 
(CB to DATA, CODE ID 010) 

DATA 

Syndromes 

Out 

(DATA to SC) + (CB to SC, CODE ID 011) 

DATA 

ERROR 
for 32 Bits 

(DATA to SC) + (CB to ERROR, 

CODE ID 011) 

DATA 

MULT ERROR 
for 32 Bits 

(DATA to SC) + (CB to MULT ERROR, 

CODE ID Oil) 
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TABLE IX. 

DIAGNOSTIC LATCH LOADING - 32-BIT FORMAT^ 


Data Bit 

Internal Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6 

Diagnostic Check Bit 16 

7 

Don't Care 

8 

Slice 0/1 - CODE ID 0 

9 

Slice 0/1 - CODE ID 1 

10 

Slice 0/1 - CODE ID 2 

11 

Slice 0/1 - DIAG MODE 0 

12 

Slice 0/1 - DIAG MODE 1 

13 

Slice 0/1 - CORRECT 

14 

Slice 0/1 - PASS THRU 

15 

Don't Care 

16-23 

Don't Care 

24 

Slice 2/3 - CODE ID 0 

25 

Slice 2/3 - CODE ID 1 

26 

Slice 2/3 - CODE ID 2 

27 

Slice 2/3 DIAG MODE 0 

28 

Slice 2/3 - DIAG MODE 1 

29 

Slice 2/3 - CORRECT 

30 

Slice 2/3 - PASS THRU 

31 

Don't Care 


TABLE X. 

32-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE CHART 


Generated 

Check 


Participating Data Bits 

Bits 

Parity 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 11 

12 13 14 15 

CX 

Even (XOR) 

X 

X 


X 

X 

X 

X 


X 

X 

CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 

Cl 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 


X X 

C2 

Odd (XNOR) 

X 

X 




X 

X 

X 

X 

X 

X 

C4 

Even (XOR) 



X 

X 

X 

X 

X 

X 


X X 

C8 

Even (XOR) 




X 

X 


X 

XXX 

C16 

Even (XOR) 

JL 

X 

X 

Ij 

JL 

X 

X 

JL 




Generated 



Participating Data Bits 


Check 






Bits 

Parity 

16 17 18 19 

20 21 22 23 

24 25 26 27 

28 29 30 31 

CX 

Even (XOR) 

XXX 

X 

X 

XX X 

CO 

Even (XOR) 

XXX 

X X 

X X 

X 

Cl 

Odd (XNOR) 

X X 

X X 

X X 

X X 

C2 

Odd (XNOR) 

X X 

XXX 

X 

X X 

C4 

Even (XOR) 

X X 

X X X X 


X X 

C8 

Even (XOR) 



X X X X 

X X X X 

C16 

Even (XOR) 



X X X X 

X X X X 


The check bit is generated as either an XOR or XNOR of the sixteen data bits noted 
by an "X" in the table. 
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64-BIT DATA WORD CONFIGURATION 

The 64-bit format consists of 64 data bits, 8 check bits and is 
referred to as 64/72 code (see Figure 9.). 

The configuration to process 64-bit format is shown in Figure 
6. In this configuration, a portion of the syndrome generation 
and error detection is implemented externally of the EDGs In 
MSI. For error correction, the syndrome bits generated must 
be read back into all four EDCs through the CB inputs. This 
necessitates the check bit_^ffering shown in the connection 
diagram of Figure 10, The OE SC signal can control the check 
bit enabling; when syndrome bit outputs are enabled, the 
external check bit lines will be disabled so that the syndrome 
bits may be read onto the CB inputs. 

The error detection signals for the 64-bit con figuration differ 
from the 16- and 32-bit configurations. The ERROR signal 
functions the same:' it is LOW if one or more errors are 
detected, and HIGH if no errors are detected. The DOUBLE 
ERROR signal is HIGH if and only if a double-bit error is 
detected; it Is LOW otherwise. All of the MULT ERROR 
outputs of the four devices are valid. MULT ERROR is LOW 
for all three ERROR cases and some DOUBLE ERROR 
combinations. (See TOME definition in Functional Equations 
section.) It is HIGH if either zero or one errors are detected. 

This Is a different meaning for MULT ERROR than In other 
configurations. 

Generate Mode 

In this mode, check bits will be generated that correspond to 
the contents of the Data Input Latch. The check bits generat¬ 
ed appear at the outputs of the XOR gates as indicated in 
Figure 10. 

Check bits are generated according to a modified Hamming 
code. Details of the code for check bit generation are 
contained in Table XII. Check bits are generated as either an 
XOR or XNOR of 32 of the 64 bits as indicated in the table. 
The XOR function results in an even parity check bit, the 
XNOR in an odd parity check bit. 

Detect Mode 

In this mode, the device examines the contents of the Data 
Input Latch against the Check Bit Input Latch, and will detect 
ail single-bit errors, all double-bit errors and som e triple-bit 
errors. If one or more errors are dete cted, ERROR goes LOW. 
If exactly two errors are detected, DOUBLE ERROR goes 
HIGH. If three or more errors are detected, MULT ERROR 
goes LOW - the MULT ERROR output of any of the four EDCs 
may be used. 

Available as XOR gate outputs are the generated syndrome 
bits (see Figure 10). The syndrome bits may be decoded to 
determine if a bit error was detected and, for single-bit errors, 
which of the data or check bits is in error. Table XIII gives the 
chart for encoding the syndrome bits generated for the 64-bit 
configuration (as an example, if the syndrome bits SX/S1/S2/ 
S4/S8/S16/S32 were 00100101, this would be decoded to 


indicate that there is a single-bit error at data bit 41). If no error 
Is detected, the syndrome bits will all be zeroes. 

In Detect Mode, the contents of the Data Input Latch are 
driven directly to the inputs of the Data Output Latch without 
corrections. 

Correct Mode 

In this mode, the EDC functions the same as In Detect Mode 
except that the correction network is allowed to correct 
(complement) any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data Output Latch. If 
multiple errors are detected, the output of the correction 
network is unspecified. If the single-bit error is a check bit, 
there is no automatic correction. Check bit correction can be 
done by placing the device in generate mode to produce a 
correct check bit sequence for the data in the Data Input 
Latch. 

To perform the correction step, all four slices require access to 
the syndrome bits which are generated externally of the 
devices. This access is provided by reading the syndrome bits 
in through the CB inputs, where they are selected as inputs to 
the bit-in-error decoder by the multiplexer (see Block Dia¬ 
gram). The device connections for this are shown in Figure 10. 
When In Correct Mode, the SC outputs must be enabled so 
that the syndrome bits are available at the CB inputs. 

Pass Thru Mode 

In this mode, the unmodified contents of the Data Input Latch 
are placed on the inputs of the Data Output Latch, and the 
contents of Check Bit Input Latch are passed through the 
external XOR network and appear inverted at the XOR gate 
outputs labeled CX to C32 (see Figure 10). 

Diagnostic Latch 

The Diagnostic Latch serves both for diagnostic uses and 
internal control uses. It is loaded from the DATA lines under 
the control of LE DIAG. Table XIV shows the loading defini¬ 
tions for the DATA lines. 

Diagnostic Generate 
Diagnostic Detect 
Diagnostic Correct 

These are special diagnostic modes selected by DIAG 
MODEo -1 where either normal check bit Inputs or outputs are 
substituted for by check bits from the Diagnostic Latch. See 
Table il for details. 

Internal Control Mode 

This mode is selected by CODE IDo-2. input 001 (ID 2 , ID 1 , 
IDo). 

When in Internal Control Mode, the EDC takes the CODE 
IDo. 2 , DIAG MODEo- 1 , CORRECT and PASS THRU signals 
from the Internal Diagnostic Latch rather than from the 
external control lines. Table XIV gives format for loading the 
Diagnostic Latch. 


BYTE 7 I BYTE 6 


BYTE 5 I BYTE 4 BYTE 3 BYTE 2 BYTE 1 I BYTE 0 


CX CO I Cl C2 I C4 I C8 I C16 i C32 


Uses Modified Hamming Code 64/72 
- 64 data bits - 8 check bits - 72 bits in total 


Figure 9. 64-Bit Data Format 
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BD001250 

Notes; 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted. 

2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch Appear on the XOR Outputs Inverted. 


Figure 10. AM2960-—64-Bit Data Configuration 


TABLE XI. 

KEY AC CALCULATIONS FOR THE 64-BIT CONFIGURATION 


64-Bit 

Propagation Deiay 

Component Delays from Am2960 

AC Specifications, Table C (plus MSI) 

From 

To 

DATA 

Check Bits Out 

(DATA to SC) + (XOR Delay) 

DATA In 

Corrected DATA Out 

(DATA to SC) + (XOR Delay) + (Buffer Delay) + 

(CB to DATA, CODE ID Ixx) 

DATA 

Syndromes 

(DATA to SC) + (XOR Delay) 

DATA 

ERROR for 64 Bits 

(DATA to SC) + (XOR Delay) + (NOR Delay) 

DATA 

MULT ERROR for 64 Bits 

(DATA to SC) + .(XOR Delay) + (Buffer Delay) + 

(CB to MULT ERROR. CODE ID Ixx) 

DATA 

DOUBLE ERROR for 64 

Bits 

(DATA to SC) + (XOR Delay) + (XOR/NOR Delay) 



TABLE XII. 64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE 


Generated 


Participating Data Bits 

Check Bits 

Parity 

0 

1 

2 

3 

4 

5 

6 

7 

□ 

B 


D 

m 

m 

□ 

R 





u 



X 



X 

X 


X 



X 





n 

u 


X 


X 


X 


X 


X 





Odd (XNOR) 



■ 

D 

X 



X 


X 

X 



X 


X 


Odd (XNOR) 

D 


■ 

■ 


X 

X 

X 




X 

X 

X 



C4 

Even (XOR) 

■ 


□ 

□ 

X 

X 

X 

X 







X 

X 

C8 

Even (XOR) 

■ 


■ 

■ 





X 

X 

X 

X 

X 

X 

X 

X 

Cl 6 

Even (XOR) 

n 

D 

R 

R 


R 

X 

X 









C32 

Even (XOR) 

a 

a 

a 

R 

R 

R 

X 

X 










Generated 


Participating Data Bits 

Check Bits 

Parity 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

CX 

Even (XOR) 


X 

X 

X 


X 



X 

X 


X 



X 


CO 

Even (XOR) 

X 

X 

X 


X 


X 


X 


X 


X 




Cl 

Odd (XNOR) 

X 



X 

X 



X 


X 

X 



X 


X 

C2 

Odd (XNOR) 

X 

X 




X 

X 

X 




X 

X 

X 



C4 

Even (XOR) 



X 

X 

X 

X 

X 

X 







X 

X 

C8 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 

Cl 6 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 

C32 

Even (XOR) 









X 

X 

X 

X 

X 

X 

X 

X 
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TABLE XII. 

64-BIT MODIFIED HAMMING CODE - CHECK BIT ENCODE (Cont.) 


Generated 
Check Bits 

Parity 

Participating Data Bits 


36 37 38 39 

40 41 42 43 

44 45 46 47 

CX 

CO 

Even (XOR) 
Even (XOR) 

X 

XXX 

X X X 

X X 

■Hi 

hhh 

C1 

C2 

Odd (XNOR) 
Odd (XNOR) 

X X 

X X 

X X 

X X X 

X X 

X 

X X 

XX 

C4 

C8 

Even (XOR) 
Even (XOR) 

X X 


n 

X X 

X X X X 

C16 

C32 

Even (XOR) 
Even (XOR) 

X X X X 


BBHH 

X X X X 


Generated 
Check Bits 

Parity 

Participating Data Bits 

48 49 50 51 

52 53 54 55 

56 57 58 59 

60 61 62 63 

CX 

CO 

Even (XOR) 
Even (XOR) 

X 

XXX 


X 

X X 


C1 

C2 

Odd (XNOR) 
Odd (XNOR) 

X X 

X X 

X X 

X X X 

XX 

X 

X X 

X X 

C4 

C8 

Even (XOR) 
Even (XOR) 

X X 

X X X X 

X X X X 

X X 

X X X X 



mm 



X X X X 


The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an "X" in the table. 


T/lBLi Xim SYNDROME DECODE TO BIT-IN-ERROR 


sx 

Syndrome 

Bits 

SO SI 

S2 

S32 

S16 

si 

S4 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 


* 

C32 

C16 

T 

cs 

T 

T 

M 

C4 

T 

T 

M 

T 

46 

62 

T 

m 

0 

0 

1 


C2 

T 

T 

M 

T 

43 

59 

T 

T 

53 

37 

T 

M 

T 

T 

M 

■1 

0 

1 

0 


01 

T 

T 

M 

T 

41 

57 

T 

T 

51 

35 

T 

15 

T 

T 

31 

0 

0 

1 

1 


T 

M 

M 

T 

13 

T 

T 

29 

23 

T 

T 

7 

T 

M 

M 

T 

■1 

1 

0 

0 


CO 

T 

T 

M 

T 

40 

56 

T 

T 

50 

34 

T 

M 

T 

T 

M 

■1 

1 

0 

1 


T 

49 

33 

T 

12 

T 

T 

28 

22 

T 

T 

6 

T 

M 

M 

T 

■1 

1 

1 

0 


T 

M 

M 

T 

10 

T 

T 

26 

20 

T 

T 

4 

T 

M 

M 

T 

■1 

1 

1 

1 


16 

T 

T 

0 

T 

M 

M 

T 

T 

M 

M 

T 

M 

T 

T 

M 

1 

0 

0 

0 


CX 

T 

T 

M 

T 

M 

M 

T 

T 

M 

M 

T 

14 

T 

T 

30 

B 

0 

0 

1 


T 

M 

M 

T- ' 

11 

T 

T 

27 

21 

T 

T 

5 

T 

M 

M 

T 

1 

0 

1 

0 


T. 

M 

M 

T 

9 

T 

T 

25 

19 

T i 

T 

3 

T 

47 

63 

T 

B 

0 

1 

1 


M 

T 

T 

M 

T 


61 

T. 

T 

55 

39 

T 

M 

T 

T 

M 

1 

1 

0 

0 


T 

M 

M 

T 

8 

T 

T 

24 

18 

T 

T 

2 

T 

M 

M 

T 

1 

1 

0 

1 


17 

T 

T 

1 

T 

44 

60 

.i 

T 

T 

54 

38 

T 

M 

T 

T 

M 

1 

1 

1 

0 


M 

T 

T 

. 

M 

T 

42 

1 

58 

T 

T 

52 

36 

T 

M 

T 

T 

M 

1 

1 

1 

1 


T 

48 

32 

T 

M 

T 

T 

M 

M 

T 

T 

M 

T 

M 

M 

T 


* - no errors detected T - two errors detected 

Number - the number of the single bit-in-error M - more than two errors detected 
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TABLE XIV. DIAGNOSTIC LATCH 


Data Bit 

internal Function 

0 

Diagnostic Check Bit X 

1 

Diagnostic Check Bit 0 

2 

Diagnostic Check Bit 1 

3 

Diagnostic Check Bit 2 

4 

Diagnostic Check Bit 4 

5 

Diagnostic Check Bit 8 

6, 7 

Don't Care 

8 

Slice 0/1 - CODE ID 0 

9 

Slice 0/1 - CODE ID 1 

10 

Slice 0/1 - CODE ID 2 

11 

Slice 0/1 - DIAG MODE 0 

12 

Slice 0/1 - DIAG MODE 1 

13 

Slice 0/1 - CORRECT 

14 

Slice 0/1 - PASS THRU 

15 

Don't Care 

16-23 

Don't Care 

24 

Slice 2/3 - CODE ID 0 

25 

Slice 2/3 - CODE ID 1 

26 

Slice 2/3 - CODE ID 2 

27 

Slice 2/3 - DIAG MODE 0 

28 

Slice 2/3 - DIAG MODE 1 

29 

Slice 2/3 - CORRECT 

30 

Slice 2/3 - PASS THRU 


LOADING - 64-BIT FORMAT 


Data Bit 

Internal Function 

31 

Don't Care 

32-37 

Don't Care 

38 

Diagnostic Check Bit 16 

39 

Don’t Care 

40 

Slice 4/5 - CODE ID 0 

41 

Slice 4/5 - CODE ID 1 

42 

Slice 4/5 - CODE ID 2 

43 

Slice 4/5 - DIAG MODE 0 

44 

Slice 4/5 - DIAG MODE 1 

45 

Slice 4/5 - CORRECT 

46 

Slice 4/5 - PASS THRU 

47 

Don't Care 

48-54 

Don't Care 

55 

Diagnostic Check Bit 32 

56 

Slice 6/7 - CODE ID 0 

57 

Slice 6/7 - CODE ID 1 

58 

Slice 6/7 - CODE ID 2 

59 

Slice 6/7 - DIAG MODE 0 

60 

Slice 6/7 - DIAG MODE 1 

61 

Slice 6/7 - CORRECT 

62 

Slice 6/7 - PASS THRU 

63 

Don't Care 


SYSTEM DESIGN CONSIDERATIONS 
High Performance Parallel Operation 

For maximum memory system performance, the EDC should 
be used in the Check-Only configuration shown in Figure 11. 
With this configuration, the memory system operates as fast 
with EDC as it would without. 

On reads from memory, data is read out from the RAMs 
directly to the data bus (same as in a non-EDC system). At the 
same time, the data is read into the EDC to check for errors. If 
an error exists, the EDC's error flags are used to interrupt the 
CPU and/or to stretch the memory cycle. If no error is 
detected, no slowdown is required. 

If an error is detected, the EDC generates corrected data for 
the processor. At the designer's option the correct data may 
be written back into memory; error logging and diagnostic 
routines may also be run under processor control. 

The Check-Only configuration allows data reads to proceed as 
fast with EDC as without. Only if an error is detected is there 
any slowdown. But even If the memory system had an error 
every hour this would mean only one error every 3-4 billion 
memory cycles. So even with a very high error rate, EDC In a 
Check-Only configuration has essentially zero impact on 
memory system speed. 

On writes to memory, check bits must be generated before the 
full memory word can be written Into memory. But using the 
Am2961/62 Data Bus Buffers allows the data word to be 
buffered on the memory board while check bits are generated. 
This makes the check bit generate time transparent to the 
processor. 


EDC in the Data Path 

The simplest configuration for EDC is to have the EDC directly 
in the data path, as shown in Figure 12 (Correct-Always 
Configuration). In this configuration, data read from memory Is 
always corrected prior to putting the data on the data bus. The 
advantages are simpler operation and no need for mid-cycle 
interrupts. The disadvantage Is that memory system speed is 
slowed by the amount of time it takes for error correction on 
every cycle. 

Usually the Correct-Always Configuration will be used with 
MOS microprocessors which have ample memory timing 
budgets. Most high performance processors will use the high 
performance parallel configuration shown in Figure 11 (Check- 
Only Configuration). 

Scrubbing Avoids Doubie Errors 

Single-bit errors are by far the most common in a memory 
system, and are always correctable by the EDC. 

Double-bit memory errors are far less frequent than single-bit 
(50 to 1, or 100 to 1) and are always detected by the EDC, but 
not corrected. 

In a memory system, soft errors occur only one at a time. A 
double-bit error in a data word occurs when a single soft error 
is left uncorrected and is followed by another error in the data 
word hours, days, or weeks after the first. 

"Scrubbing” memory periodically avoids almost ail double-bit 
errors. In the scrubbing operation, every data word in memory 
is periodically checked by the EDC for single-bit errors. If one 
is found, it is corrected and the data word written back into 
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memory. Errors are not allowed to pile up, and most double-bit 
errors are avoided. 

The scrubbing operation is generally done as a background 
routine when the memory is not being used by the processor. 
If memory is scrubbed frequently, errors that are detected and 
corrected during processor accesses need not be immediately 
written back into memory. Instead, the error will be corrected 
in memory during scrubbing. This reduces the time delay 
involved in a processor access of an incorrect memory word. 


Correction of Double-Bit Errors 

In some cases, double-bit memory errors can be corrected! 
This is possible when one of the two bit errors is a hard error. 

When a double bit error is detected, the data word should be 
checked to determine if one of the errors is a hard error. If so, 
the hard error bit may be corrected by inverting it, leaving only 
a single, correctable error. The time for this operation is 
negligible, since it will occur infrequently. 


MULTI ERROR SC 


Figure 11. Check-Only Configuration 




Figure 12. Correct-Always Configuration 
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The procedure after detection of a double error is as follows: 

• Invert the data bits read from memory. 

• Write the inverted data back into the same memory word. 

• Re-read the memory location and XOR the newly read out 
value with the old. If there is no hard error, then the XOR 
result will be all 1’s. If there is a hard error, It will have the 
same bit value regardless of what was written in. So it will 
show as a 0 after the XOR operation. 


Error Logging and Preventative 
Maintenance 

The effectiveness of preventative maintenance can be in¬ 
creased by logging information on errors detected by the EDO. 
This is called error logging. 

The EDO provides syndromes when errors are detected. The 
syndromes indicate which bit is in error. In most memory 
systems, each Individual RAM supplies only one bit of the 
memory word. So the syndrome and data word address 
specify which RAM was in error. 


• Invert the hard error bit (this will "correct" it) leaving only 
one error In the data. 

• The EDC can then correct the single bit error. 

• Rewrite the correct data word into memory. This does not 
change the hard error, but does eliminate the soft error. So 
the next memory access will find only a single-bit, correct¬ 
able error. 

An example helps to illustrate the procedure: 

Example of Double-Bit Error Correction When One 
is a Hard Error 

1. Data Read from 16 data bits 6 check bits 

Memory (Di) 1111111100000011 011010 

2. EDC detects a 
multiple error. 

Syndromes: 011000 


Typically a permanent/hard RAM failure is preceded by a 
period of time where the RAM displays an increasing frequen¬ 
cy of intermittent, soft errors. Error logging statistic can be 
used to detect an increasing intermittent error frequency so 
that the RAM can be replaced before a permanent failure 
occurs. 

Error logging also records the location of already hard failed 
RAMs. With EDC a hard failure will not halt system operation. 
EDC can always correct single-bit errors even if it is a hard 
error. EDC can aiso correct double-bit errors where one is 
hard and one soft (see "Correction of Double Bit Errors" 
Section). The ability to continue operation despite hard errors 
can greatly reduce the need for emergency field maintenance. 
The hard-failed RAMs can be instead replaced at low cost 
during a regularly-scheduled preventative maintenance ses¬ 
sion. 

Reducing Check Bit Overhead 

Memory word widths need not be the same as the data word 
width of the processor. There is a substantial reduction in 
check bit overhead if wider memory words are used: 


3. Syndrome de¬ 
code indicates a 
double-bit error, 

4. Invert the bits 

read from memo¬ 
ry (Di) 0000000011111100 100101 

5. Write Di back to 
the same memory 
location 


6. Read back the 
memory location 

(D2) 0000000011111101 100101 


7. XOR Di and D 2 1111111111111110 111111 

8. So the last data 
bit is the hard er¬ 
ror. Use this to 

modify Di 1111111100000010 011010 


9. Pass the modified 
Di through the 
EDC. The EDC 
detects a single 
bit correctable er¬ 
ror and outputs 

corrected data: 1111111100000000 011010 


10. Write the correct¬ 
ed data back to 
memory to fix the 
soft error. 



TO CPU 


DFOOOI 6 O 


Figure 13. EDC Per Board 

This reduction in check bit overhead lowers cost and in¬ 
creases the amount of data that can be packed on to each 
board. 
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The trade-off is that when writing data pieces into memory that 
are narrower than the memory word width, more steps are 
required. These steps are exactly the same as those de¬ 
scribed in Byte Write In the Applications section. No penalty 
exists for reads from memory. 

EDC Per Board vs EDC Per System 

The choice of an EDC per system or per board depends on the 
economics and the architecture of the system. 

Certainly the cheaper approach is to have only one EDC per 
system and this is a viable solution if only one memory 
location is accessed at a time. 

This solution does require that the system has both data and 
check bit lines (see Figure 14). This makes retrofitting a 
system difficult and creates complications if static or ROM 
memory, which do not require check bits, are mixed in with 
dynamic RAM. 

If the system has an advanced architecture, it is quite likely 
that it Is necessary to simultaneously access memory loca¬ 
tions on different memory boards (see Figure 13). Architectur¬ 
al features that require this are interleaved memory, cache 
memory, and DMA that is done simultaneously with processor 
memory accesses. EDC per board is a simpler system from a 
design standpoint. 

The EDC Is designed to work efficiently in either the per 
system or per board configurations. 



FUNCTIONAL EQUATIONS 


The following equations and tables describe in detail how the output values of the AM2960 EDC are determined as a function of the 
value of the inputs and the Internal states. Be sure to carefully read the following definitions of symbols before examining the tables. 

Definitions 

Dj ^(DATAj if LE IN is HIGH or the output of bit i of the Data Input 
Latch if LE IN is LOW) 

Cj ^(CBj if LE IN is HIGH or the output of bit i of the Check Bit 
Latch if LE IN is LOW) 

DLj -Output of bit i of the Diagnostic Latch 
Sj -Internally generated syndromes (same as outputs of SQ 
if outputs enabled) 

PA -D0®D1 ®D2®D4®D6®D8®D10®D12 
PB -D0®D1 ®D2®D3®D4®D5®D6©D7 
PC -D8®D9®D10®D11 ®D12®D13®D14® 

PD -D0®D3®D4®D7®D9®D10®D13®D15 
PE -D0®D1 ®D5®D6®D7®D11 ®D12®D13 
PF -D2®D3®D4®D5®D6®D7®D14®D15 
PGi-D0®D4®D6©D7 
PG 2 -DI ®D2®D3®D5 
PG3-D8®D9®D11®D14 
PG4"-D10®D12®D13®D16 

Error Signals 

ERROR -(S6 • (ID 1 + ID 2 )) • ^ • S4 • S3 - S2 * ST » SO 4- GENERATE + INITIALIZE + PASSTHRU 

MULT ERROR (16 and 32-Blt Modes) - ((S6 • ID 1 ) ® S5 ® S4 ® S3 ® S2 ® SI ® SO) (ERROR) + TOME 
+ GENERATE + PASSTHRU + INITIALIZE 

MULT ERROR (64-Bit Modes)-TOME + GENERATE + PASSTHRU + INITIALIZE 
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TOME (Three or More Errors) 



*(S6, S5,...SO are internal syndromes except in Modes 010, 100, 101, 110, 111 (CODE ID 2 , ID-t, IDq). 

In these modes the syndromes are input over the Check-Bit lines. S6-C6, S5*-C5, ...S1^C1, SO*-CO. 

**The S6 internal syndrome is always forced to 0 in CODE ID 000. 

SC Outputs 

Tables XV, XVI, XVII, XVIII, XIX show how outputs SCo-6 are generated in each control mode for various CODE IDs (internal control 
mode not applicable). 


TABLE XV. 



TABLE XVI. 



Detect and Correct___ ______ 

Modes (Syndromes) 000 010 Oir 100 101 110 111 



*ln CODE ID 2-0 oil the Check-Bit Latch is forced transparent; the Data Latch operates normally. 

TABLE XVIL 
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TABLE XVIII. 


Diagnostic 

Write Mode 

CODE ID 2.0 

000 


Oil* 

100 

101 

110 

111 

SCo- 

DLo 

DLo 

CBo 

DLo 

1 

1 

1 

SCi.- 

DLi 

DLi 

CBi 

DLi 

1 

1 

1 

SC2- 

DL2 

DL2 

CB2 

DL2 

1 

1 

1 

SC3- 

DL3 

DL3 

CB3 

DL3 

1 

1 

1 

SC 4 ^ 

DL4 

DU 

CB4 

DU 

muimim 

immiiiiiii 

IIIIIBIIIIIIIIIIII 

SC 5 <- 

DLs 

DLs 

CBs 

DLs 

1 

1 

1 

sce- 

1 

DLs 

CBe 

1 

1 . 

DLe 

DLy 


*ln CODE ID 2-0 011 the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 

TABLE XIX. 


PASS THRU 

CODE ID 2.0 

Mode 

000 


Oil* 

100 

101 

110 

111 

SCo- 

CO 

CO 

CBo 

CO 

1 

1 

1 

SCi.- 

Cl 

Cl 

CBi 

Cl 

1 

1 

1 

SC 2 - 

C2 

C2 

CB 2 

C2 

1 

1 

1 

SC 3 ^ 

C3 

C3 

CB 3 

C3 

1 

1 

1 

SC 4 .- 

C4 

C4 

CB 4 

C4 

1 

1 

1 

SCs- 

C5 

C5 

CBs 

C5 

1 

1 

1 

sce- 

1 

C 6 

CBs 

1 

1 

C 6 

C 6 


*ln CODE ID 2-0 oil the Check-Bit Latch is forced transparent; the Data Input Latch operates normally. 


Data Correction 

Tables XX to XXVI shows which data output bits are corrected 
(Inverted) depending upon the syndromes and the CODE ID 
position. Note that the syndromes that determine data correc¬ 
tion are in some cases syndromes input externally via the CB 


inputs and in some cases syndromes generated internally by 
that EDC (Sj are the Internal syndromes and are the same as 
the value of the SQ output of that EDC if enabled). 

The tables show the number of data bit inverted (corrected) if 
any for the CODE ID and syndrome combination. 


TABLE XX. CODE ID 2.0 = 000* 



S5 

S4 

S3 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

S2 SI 

iQjlQllllll^^ 

- 

- 


5 

- 

B 

B 

- 

IIIIQIIIQIII^^ 

B 

1 

B 

B 

B 

B 

- 

- 


B 

- 

B 

B 

B 

B 

B 

- 

1 1 


0 

B 

B 

B 

- 


- 


* Unlisted S combinations are no correction. 


TABLE XXI. CODE ID 2.0 = 010* 



CBe 

CB5 

CB4 

CB3 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

CB2CB1 

0 0 

- 

B 

B 

- 

- 

- 

- 

m 

0 1 

B 

B 

_ 

- 

- 

B 

B 

m 

1 0 

B 

B 

B 

- 

- 

- 

3 

B 

1 1 

B 

_ 

- 


-• 

0 

4 

B 


* Unlisted CB combinations are no correction. 
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TABLE XXIL CODE 102-0 = 011* 



S6 

S5 

S4 

S3 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

S2 SI 

0 0 

- 

- 

- 

B 

- 

B 

B 

- 

0 1 

- 

1 

2 

6 

8 

12 

- 


1 0 

- 

- 

El 

B 

B 

B 

B 

- 

1 1 

- 

0 


- 

B 

- 

_ 

- 


‘Unlisted S combinations are no correction. 


TABLE XXIV. CODE ID 2-0 = 101* 



CBo 

CBe 

CBs 

CB4 

CB3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

CB2CB' 

0 0 

- 

- 

- 

5 

- 

B 

B 

Bi 

0 1 

- 

1 

B 

B 

B 

B 

- 

B1 

1 0 

B 

- 

B 

B 

B 

B 

B 

Bl 

1 1 

- 

B 

B 

- 

B 

__ 

__ 

B1 


‘Unlisted CB combinations are no correction. 


TABLE XXIII. CODE ID 2.0 = 100* 



CBo 

0 

0 

0 

0 

1 

1 

1 

n 


CBe 

0 

0 

0 

0 

1 

1 

1 



CBs 

1 

1 

1 

1 

0 

0 

0 



CB4 

0 

0 

1 

1 

0 

0 

1 


jBHHH 


0 

1 

0 

1 

0 

1 

0 

1 






0 0 

- 

11 

14 

- 

- 

- 

- 

B 

0 1 

8 

12 

- 

- 

- 

1 

2 

Bl 

1 0 

B 

B 

B 

- 

- 

- 

B 

B! 

1 1 

10 

- 

- 


- 

0 


- 


‘Unlisted CB combinations are no correction. 


TABLE XXV. CODE ID2-o= HO* 



CBo 

0 

0 

0 

0 

1 

1 

1 

1 


CBe 

1 

1 

1 

1 

0 

0 

0 

0 


CBs 

0 

0 

0 

0 

1 

1 

1 

1 


CB4 

0 

0 

1 

1 

0 

0 

1 

1 

. 

CB3 

0 

1 

0 

1 

0 

1 

0 

1 

CB2CB' 





- 

- 

- 

B 

>- 

B 

B 

Bl 


- 

1 

B 

B 

B 

B 

- 

Bi 


- 

- 

3 

B 

B 

B 

B 

Bl 

1 1 

- 

0 

4 

__ 

B 

- 


Bl 


‘Unlisted CB combinations are no correction. 


TABLE XXVI. CODE ID2-o=111* 



CBo 

0 

0 

0 

0 

1 

1 

1 

1 


CBe 

1 

1 

1 

1 

0 

0 

0 

0 


CBs 

1 

1 

1 

1 

0 

0 

0 

0 


CB4 

0 

0 

1 

1 

0 

0 

1 

1 


CB3 

0 

1 

0 

1 

0 

1 

0 

1 

CB2CB' 





‘ 0 0 

- 

11 

14 

- 

- 

- 

- 

5 

0 1 

8 

12 

- 


- 

1 

2 

6 

1 0 

9 

13 

15 

- 

- 

- 

3 

7 

1 1 

10 


- 

- 

- 

0 

4 

- 


‘Unlisted CB combinations are no correction. 



4-29 


03565C 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2960/Afn2960A 













Am2960/Am2960A 


APPLICATIONS 
Byte Write 

Byte operations are increasingly common for 16-bit and 32-bit 
processors. These complicate memory operations because 
check bits are generated for a complete 16-bit or 32-bit or 64- 
bit memory word-not for a single byte. 

To write a byte into memory with EDC requires the following 
steps; 

• Latch the byte into the Am2961/62 bus buffers (Figure 
16) 

• Read the complete data word from memory (Figure 16) 

• Correct the complete data word if necessary (Figure 15) 

• Insert the byte to be written into the data word (Figure 16) 

• Generate new check bits for the entire data word (Figure 
16) 

• Store the data word back into memory (Figure 16) 

(In fact, these steps must be taken for any piece of data being 
written into memory that is not as wide as a full memory word.) 

The Am2960 EDC is designed with the intent of keeping byte 
operations simple in EDC systems. The EDC has separate 
output enables for each byte In the Data Output Latch. As 
shown in Figures 15 and 16, this allows the data word to be 
read from memory, the new byte to be inserted among the old, 
and new check bits to be generated using less time and less 
hardware than if separate byte enables were not available. 



AF000730 


Figure 15. Byte Write, Phase 1: Read Out 
the Old Word and Correct 



AF000730 


Figure 16. Byte Write, Phase 2: Insert the 
New Byte, Generate Checks and Write Into 
Memory 


Diagnostics 

EDC is used to boost the reliability of the overall system. It is 
necessary to also be able to check the operation of the EDC 
itself. For this reason the EDC has an internal control mode, a 
diagnostic latch, and two diagnostic modes. 

To check that the EDC is functioning properly, the processor 
can put the EDC under software control by setting CODE ID 2-0 
to 001. This puts the EDC into Internal Control Mode. In 
Internal Control Mode the EDC is controlled by the contents of 
the Diagnostic Latch which is loaded from the DATA inputs 
under processor control. 

The EDC is set into CORRECT Mode. The processor loads in 
a known set of check bits into the Diagnostic Latch, a known 
set of data bits Into the Data In Latch, and forces data errors. 
The output of the EDC (syndromes, error flags, corrected 
data) is then compared against the expected responses. By 
exercising the EDC with a string of data/check combinations 
and comparing the output against the expected responses, 
the EDC can be fully checked out. 

Eight Bit Data Word 

Eight bit MOS microprocessors can use EDC too. Only five 
check bits are required. The EDC configuration for eight bits is 
shown in Figure 17. It operates as does the normal 16-bit 
configuration with the upper byte fixed at 0. 

Check bit overhead for 8-blt data words can be reduced two 
ways. See the sections "Single Error Correction Only" and 
"Reducing Check Bit Overhead." 
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^15-8 

CBo^ 

CBs « 

OE BYTE 1 




EDC 


6EBYTE2 



ERROR 

MULTI ERROR 

SCo^ 



Check Bits Required 


Single Error 

Single Error Correct 

Data Bits 

Correction Only 

& Double Error Detect 

8 

4 

5 

16 

5 

6 

32 

6 

7 

64 

7 

8 


MULT SYNDROMES/ 

error check bits 

AF000590 


DATA 1 I CHECKS 


Figure 17. 8-Bit Configuration 

Other Word Widths 

EDC on data words other than 8, 16, 32, of 64 bits can be 
accomplished with the AM2960. In most cases the extra data 
bits can be forced to a constant, and EDC will proceed as 
normal. For example, a 24>bit data word is shown in Figure 18. 

Single Error Correction Only 

The EDC normally corrects all single-bit errors and detects all 
double-bit and some triple-bit errors. To save one check bit 
per word, the ability to detect double bit errors can be 
sacrificed - single errors are still detected and corrected. 

OATA23.16 I DATAis^ j CHECKS j SE" SC i 

j^m29S8 _ 


DATA15.8 

DATA7.O 

CBi^ 

OEBYTE 1 



CBo, 5, 6 


EDC 


OE BYTE 2 

SC 

1-4 

CODE ID 

„_j 

4 


I SYNDROMES/ 
♦ CHECK BITS 


AF000420 

Figure 19. 8-Bit Singie Error Correction Only 


t^15-8 D7.0 CBq^ 

OE BYTE 1 EDC OE SC 

SC0.6 


DATA 1 CHECKS 

fl6 1 


DATA15.O 

CB,.s 


CBo ,6 

EDC 

CODE ID 

SC1.5 



Figure 18. 24-Bit Configuration 


I SYNDROMES/ 
I CHECK BITS 


Figure 20. 16-Bit Single Error Correction 
Only 
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Am2960/Am2^0A 


OATAsi.ie DATAts^ CHECKS BE SC 



sMfit SYHOROIMES/CHECK BITS 


AF000440 

* Th6 Code ID Combination for this Slice 
Forces the Check Bit Latch Transparent. 

Figure 21. 32-Bit Single Correct Only 


Figures 19,20,21, 22 show single error correction only config¬ 
urations for 8, 16, 32, and 64-bit data words respectively. 

Check Bit Correction 

The EDC detects single bit errors whether the error is a data 
bit or a check bit. Data bit errors are automatically corrected 
by the EDC. To generate corrected check bits once a single 
check bit error is detected, the EDC need only be switched to 
GENERATE mode (data in the DATA INPUT LATCH is valid). 

The syndromes generated by the EDC may be decoded to 
determine whether the single bit error is a check bit. 

In many memory systems, a check bit error will be ignored on 
the memory read and corrected during a periodic "scrubbing" 
of memory (see section in System Design Considerations). 

Multiple Errors 

The bit-in-error decode logic uses syndrome bits SO through 
S32 to correct errors, SX is only used in developing the 
multiple error signal. This means that some multiple errors will 
cause a data bit to be Inverted. 

For example, in the 16-blt mode if data bits 8 and 13 are in 
error the syndrome 111100 (SX, SO, Si, S2, S4, S8) is 
produced. This is flagged a double error by the error detection 
logic, but the bit-in-error decoder only receives syndrome 
11100 (SO, SI, S2, S4, S8), which It decodes as a single error 
in data bit 0 and inverts that bit. If it is desired to inhibit this 
inversion, the multiple error output may be connected to the 
correct input as in Figure 23. This will Inhibit correction when a 
multiple error occurs. Extra time delay may be introduced in 
the data to correct data path when this is done. 



SYNOROMES/CHECK BtTS ERROR 


AF000600 


Notes: 1. In Pass Thru Mode the Contents of the Check Latch Appear on the XOR Outputs Inverted. 

2. In Diagnostic Generate Mode the Contents of the Diagnostic Latch appear on the XOR Outputs 
Inverted. 


Figure 22. 64-Bit Single Correct Oniy 
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DATA CHECKS CORRECT 



AF000530 

Figure 23. Inhibition of Data Modification 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature...-65®C to +150°C 

Temperature (Case) 

Under Bias. ...-55®C to +125°C 

Supply Voltage to Ground Potential 

Continous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State...-0.5V to Vcc Max 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs..30mA 

DC Input Current... .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not impiied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Descriptions 

Test Conditions (Note i) 

Min 

Typ 

(Note 2) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

Iqh “ -0.8mA 

COM'L 

2.7 



Volts 

MIL 

2.4 



VOL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 

Iql = 



0.5 

Volts 

V|H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH 

Voltage for all Inputs (Note 7) 

2.0 



Volts 

V|L 

Input LOW Voltage 

Guaranteed Input Logical LOW 

Voltage for all Inputs (Note 7) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “ min, l|N=-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max 

V|n = 0.5V 

DATAo.i5 



-410 

/xA 

All Other Inputs 



-360 

l|H 

Input HIGH Current 

Vcc = max 

V|n = 2.7V 

DATAo-is 



70 

IxA 

All Other Inputs 



50 

l| 

Input HIGH Current 

Vcc = max, V|N = 5.5V 



1.0 

mA 

lOZH 

lOZL 

Off State (High Impedance) 
Output Current 

Vcc max 

DATAo-15 

Vo = 2.4 



70 

yA 

lO 

d 

O 

> 



-410 

SCo-e 

Vo = 2.4 



50 

d 

II 

O 

> 



-50 

los 

Output Short Circuit Current 
(Note 3) 

Vcc = Vcc max + 0.5V. Vo = 0.5V 

-25 


-85 

mA 

icc 

Power Supply Current 
(Note 6) 



Ta = 25°C 


275 

390 

mA 

Vcc = max 

COM’L 

Ta = 0 to +70°C 



400 

Ta = +70“C 



365 

MIL 

Tc = -55 to +125°C 



400 

Tc = +125"C 



345 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2 . Typical limits are at Vcc = S.QV, 25‘’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5. "MIL" = Am2960XM. DM, FM. "COM'L" = Am2960XC, DC. 

6. Worst case Ice's at minimum temperature. 

7. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 


Commercial (C) Devices 

Temperature....O^C to +70®C 

Supply Voltage.. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TEST CIRCUIT 


Vcc 




Figure 25. Normal Outputs 


Notes; 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. S-\, S 2 , S 3 are closed during function test and all A.C. tests, except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

S-i and S 2 are closed while S 3 is open for tpzL test. 

4. R 2 = 1K for three-state output. 

R 2 is determined by the Iqh et Vqh = 2.4V for non-three-state outputs. 

5. Ri is determined by Iql (MIL) with Vcc = 5.0V minus the current to ground through R 2 . 

6 . Cl = 5.0 pF for output disable tests. 


TEST OUTPUT LOADS 


Pin # 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

Do-Di5 

Fig. 24 

430i7 

1KS7 

24-30 

sCo-SCe 

Fig. 24 

430i2 

1 Kn 

32 

ERROR 

Fig. 25 

470a 

3kia 

33 

MULTERROR 

Fig. 25 

470a 

3Ki2 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 


Notes on Testing 

Incoming test procedures on this device should be carefully 

planned, taking into account the complexity and power levels 

of the part. The following notes may be useful. 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance In the ground cable 
may allow the ground pin at the device to rise by 100 's of 
millivolts momentarily. 

4. Use extreme care In defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 


noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
Vil< 0 . 4 V and V|h< 2 . 4 V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers documentation on our test 
procedures and, in most cases, can provide Fairchild Sentry 
programs, under license. 

7. Changing the CODE ID inputs can cause loss of data in 
some of the Am2960 Internal latches. Specifically, the entire 
checkbit latch and bits 6 and 7 of the diagnostic latch are 
indeterminate after a change in CODE ID Inputs. 

Logic simulations should store "x" (i.e., "don't care") in these 
bits after CODE ID change. Test programs should reload 
these registers before they are used. 
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Am2960/Am2960A 


1. Ann2960 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960 over the commercial operating range of 0®C to 


+ 70®C, with Vcc 4.75V to 5.25V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960DC, 
XC. 


A. Combinational Propagation Delays 

Cl = 50pF 


From input 

To Output 

SCo-6 

DATAo-is 

ERROR 

MULT ERROR 

DATAo-15 

32 

65* 

32 

50 

CBo-6 

(CODE ID2-oOOO,011) 

28 

56 

29 

47 

CBo-e 

(CODE ID 2 .oOIO.IOO, 

101 ,110,111) 

28 

45 

29 

34 

GENERATE 

35 

63 

36 

55 

CORRECT 

(Not Internal Control Mode) 

- 

45 

- 

- 

DIAG MODE 

(Not Interna! Control Mode) 

50 

78 

59 

75 

PASS THRU 

(Not Internal Control Mode) 

36 

44 

29 

46 

CODE ID 2-0 

61 

90 

60 

80 

LE IN 

(From latched to transparent) 

39 

72* 

39 

59 

LE OUT 

(From latched to transparent) 

- 

31 

- 

- 

LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 

45 

78 

45 

65 

Internal Control Mode; 

LE DIAG 

(From latched to transparent) 

67 

96 

66 

86 

Internal Control Mode; 

DATAo-15 

(Via Diagnostic Latch) 

67 

96 

66 

86 


‘Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


From Input 


DATAo-15 


GBo-6 


DATAo-15 

CBo-6 
(CODE ID 
000 , 011 ) 

CBo-e 

(CODE ID 010, 

100 , 101 , 110 , 111 ) 


CORRECT 


DIAG MODE 
PASS THRU 
CODE ID 2.0 
LE IN 
DATAq-is 


(Latching Set-up Hold 
Up Data) Time Time 


LE IN 


LE IN 


LE OUT 44 5 


LE OUT 
LE OUT 


LE OUT 
LE OUT 
LE OUT 
LE OUT 
LE DIAG 


Input 

Output 

Enable 

Disable 

^ BYTE 0, 

OE BYTE 1 

DATAo.15 

30 

30 

5E SC 

sco-e 

30 

30 


D. Minimum Pulse Widths 

I LE IN, LE OUT, LE DIAG 


DATA IN TO 

■ CORRECT DATA OUT ' 


CORRECT 

DATA 

OUTPUT 


OE BYTE 0 & 1 


DATA TO LEIN 
■ SET-UP TIME 


DATA TO LE IN 
■ HOLD TIME 


Figure D. 
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Am2960/Am2960A 


data are in ns, with inputs switching between OV and 3V at 1V/ 
ns and measurements made at 1.6V, All outputs have maxi¬ 
mum DC load. 

This data applies to the following part numbers: Am2960DM, 
FM, XM. 


A. Combinational Propagation Delays 

Cl = 50pF 


From Input 

To Output 

sco-e 

DATAo.15 

ERROR 

MULT ERROR 

DATAo-15 

35 

73* 

36 

56 

CBo-e 

(CODE ID2.oOOO,011) 

30 

61 

31 

50 

CBo-e 

(CODE ID2.o010,100, 

101,110,111) 

30 

50 

31 

37 

GENERATE 

38 

69 

, 41 

62 

CORRECT 

(Not Internal Control Mode) 

- 

49 

- 

- 

DIAG MODE 

(Not Internal Control Mode) 

58 

89 

65 

90 

PASS THRU 

(Not Internal Control Mode) 

39 

51 

34 

54 

CODE ID 2.0 

69 

100 

68 

90 

LE IN 

(From latched to transparent) 

44 

82* 

43 

66 

LE OUT 

(From latched to transparent) 

T 

33 

- 

- 

LE DIAG 

(From latched to transparent: 

Not Internal Control Mode) 

50 

88 

49 

72 

Internal Control Mode: 

LE DIAG 

(From latched to transparent) 

75 

106 

74 

■ 

96 

Internal Control Mode; 

DATAo-is 

(Via Diagnostic Latch) 

75 

106 

74 

96 


'Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 


t. Am2960 Guaranteed Military 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960 over the military operating range of -55®C to 
+ 125®C case temperature, with Vcc ^rom 4.5V to 5.5V. All 
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B. Set-up and Hold Times 
Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Set-up 

Time 

Hold 

Time 

DATAo-is 

LE IN 

7 

7 

CBo -6 

LE IN 

5 

7 

DATAo-15 

LE OUT 

50 

5 

CBo-e 
(CODE ID 

000, oil) 

LE OUT 

38 

0 

CBo-e 

(CODE ID 010, 

100 , 101 , 110 , 111 ) 

LE OUT 

30 

0 

GENERATE 

LE OUT 

46 

0 

CORRECT 

LE OUT 

28 

1 

DIAG MODE 

LE OUT 

84 

0 

PASS THRU 

LE OUT 

30 

0 

CODE ID 2.0 

LE OUT 

89 

0 

LE IN 

LE OUT 

59 

5 

DATAq-i 5 

LE DIAG 

7 

9 


C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE BYTE 0, 

OE BYTE 1 

DATAo.15 

35 

35 

OE SC 

SCo -6 

35 

35 


D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG 


15 


DATAo-is 


VALID 

INPUT 

DATA 


♦>>>>>>>>>>> 




DATA IN TO 
■ CORRECT DATA OUT 








DATA TO LE IN 
■ SET-UP TIME 




CORRECT 

DATA 

OUTPUT 


LE IN 


OE BYTE 0 & 1 



DATA TO LE IN 
HOLD TIME 


WF001520 


Figure D. 
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Am2960/Am2960A 


Am2960A Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am2960A over the commercial operating range of 0®C to 


+ 70®C, with Vcc froiTn 4.75V to 5.25V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2960ADC, 
XC. 


A. Combinational Propagation Delays 

Cl = 50pF 


From Input 

To Output 

SCo-6 

DATAo-15 

ERROR 

mcfEmm 

DATAo-15 





CBo-e 

(CODE ID2-oOOO,011) 





CBo-e 

(CODE ID 2 .oOIO.IOO, 

101,110,111) 





GENERATE 





CORRECT 

(Not Internal Control Mode) 





DIAG MODE 

(Not Internal Control Mode) 





PASS THRU 

(Not Internal Control Mode) 





CODE ID 2.0 





LE IN 

(From latched to transparent) 





LE OUT 

(From latched to transparent) 





LE DIAG 

(From latched to transparent; 

Not Internal Control Mode) 





Internal Control Mode: 

LE DIAG 

(From latched to transparent) 





Internal Control Mode: 

DATAo-15 

(Via Diagnostic Latch) 






‘Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enabies 


From Input 

To 

(Latching 
Up Data) 

Set-up 

Time 

Hold 

Time 

DATAo-is 

LE IN 



CBo-e 

LE IN 



DATAo-15 

LE OUT 



CBo-e 
(CODE ID 

000, Oil) 

LE OUT 



CBo-e 

(CODE ID 010, 

100, 101, 110, 111) 

LE OUT 



GENERATE 

LE OUT 



CORRECT 

LE OUT 



DIAG MODE 

LE OUT 



PASS THRU 

LE OUT 



CODE ID 2-0 

LE OUT 



LE IN 

LE OUT 



DATAq-IS 

LE DIAG 




C. Output Enabie/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

^E BYTE 0, 

^ BYTE 1 

DATAo-is 



0E SC 

SCo-6 




D. Minimum Puise Widths 

I LE IN, LE OUT, LE DIAG | 


OATAo.15 


LE IN 


OE BYTE 0 & 1 


VALID 

INPUT _ DATA IN TO 

DATA P CORRECT DATA OUT 



DATA TO LE IN 
SET-UP TIME 



CORRECT 

DATA 

OUTPUT 



DATA TO LE IN 
HOLD TIME 


WF001520 


Figure D. 
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Am2960/Am2960A 


Am2960A Guaranteed Military Range 
Performance 

The tables below specify the guaranteed performance of the 
Am2960A over the military operating range of -SS^C to 
+125®C case temperature, with Vcc ^rom 4.5V to 5.5V. All 


data are in ns, with inputs switching between OV and 3V at 1V/ 
ns and measurements made at 1.5V. All outputs have the 
maximum DC load. 

This data applies to the following part numbers: Am2960ADM, 
FM, XM. 


A. Combinational Propagation Delays 

CL = 50pF 


From Input 

To Output 

SCo-6 

DATAo.15 

ERROR 

MULT ERROR 

DATAq-is 





CBo-6 

(CODE ID2-oOOO,011) 





CBo-s 

(CODE ID2-o010,100, 

101,110,111) 





GENERATE 





CORRECT 

(Not Internal Control Mode) 





DIAG MODE 

(Not Internal Control Mode) 





PASS THRU 

(Not Internal Control Mode) 





CODE ID 2-0 





LE IN 

(From latched to transparent) 





LE OUT 

(From latched to transparent) 





LE DIAG 

(From latched to transparent: 

Not Internal Control Mode) 





Internal Control Mode: 

LE DIAG 

(From latched to transparent) 





Internal Control Mode: 

DATAo-15 

(Via Diagnostic Latch) 



j 



‘Data In (or LE In) to Correct Data Out measurement requires timing as shown in Figure D opposite. 
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B. Set-up and Hold Times 
Relative to Latch Enables 


From Input 

To 

(Latching 
Up Data) 

Set-up 

Time 

Hold 

Time 

DATAo-15 

LE IN 



CBo-e 

LE IN 



DATAo-is 

LE OUT 



CBo-e 
(CODE ID 

000, 011) 

LE OUT 



CBo-e 

(CODE ID 010, 

100, 101, 110, 111) 

LE OUT 



GENERATE 

LE OUT 



CORRECT 

LE OUT 



DIAG MODE 

LE OUT 



PASS THRU 

LE OUT 



CODE ID 2-0 

LE OUT 



LE IN 

LE OUT 



DATAo-15 

LE DIAG 




C. Output Enable/Disable Times 

Output disable tests performed with Cl = 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE BYTE 0, 

OE BYTE 1 

DATAo-15 



OE SC 

SCo-6 




D. Minimum Pulse Widths 


LE IN, LE OUT, LE DIAG 


VALID 

INPUT 

DATA 


DATAo-is 


DATA IN TO 

■ CORRECT DATA OUT ' 


1 


CORRECT 

DATA 

OUTPUT 


DATA TO LE IN 
" SET-UP TIME 


\ 


OE BYTE 0 & 1 




DATA TO LE IN 
“ HOLD TIME 


Wf^001520 


Figure D. 
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Am2961/Am2962 

4-Bit Error Correction Multiple Bus Buffers 


DISTINCTIVE CHARACTERISTICS 


Provides complete data path interface between the 
Am2960 Error Detection and Correction Unit, the sys¬ 
tem data bus and dynamic RAM memory 
Three-state 24mA output to data bus 
Three-state data output to memory 


• Inverting data bus for Am2961 and noninverting for 
Am2962 

• Data bus latches allow operation with multiplexed buses 

• Space saving 24-pin 0.3" package 


GENERAL DESCRIPTION 


The Am2961 and Am2962 are high-performance, low- 
power Schottky multiple bus buffers that provide the 
complete data path interface between the Am2960 Error 
Detection and Correction Unit, dynamic RAM memory and 
the system data bus. The Am2961 provides an inverting 
data path between the data bus (Bj) and the Am2960 error 
correction data input (Yj) and the Am2962 provides a 
noninverting configuration (Bj to Yj). Both devices provide 
inverting data paths between the Am2960 and memory 
data bus, thereby optimizing internal data path speeds. 


The Am2961 and Am2962 are 4-bit devices. Four devices 
are used to interface each 16-bit Am2960 Error Detection 
and Correction Unit with dynamic memory. The system can 
easily be expanded to 32 or more bits for wider memory 
applications. The 4-bit configuration allows enabling the 
appropriate devices two-at-a-time for intermixed word or 
byte, read and write in 16-blt systems with error correction. 

Data latches between the error correction data bus and the 
system data bus facilitate byte writing in memory systems 
wider than 8-blts. They also provide a data holding capabili¬ 
ty during single-step system operation. 


BLOCK DIAGRAM 


memoay output memory 

data enable data 

•WfDT SELECT TO V OUTPUT 

5in s OEY Boot 



SYSTEM 
DATA BUS* 
? 


BD001170 


*Am2962 is the same function but noninverting to the system data bus, B. 


ADVANCED INFORMATION 

• 25-30% speed Improvement plug-in replacerhents for Am2961/ Am2962. 


03534B 
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CONNECTION DIAGRAM 
Top View 
D-24-SLIM 


sc 

• 

1 

24 

Ycc 

oevlZ 

2 

23 

pSiff 

SSoC 

3 

22 

□ 503 

(ao)®oCI 

4 

21 

□ ^(03) 

YoC 

S 

20 

13 

BioC 

f 

Afn2t01 

I]«3 

Bfi(Z 

7 

(Am2962) 

13 «3 

>^iEZ 

• 

17 

□ Y3 

(Bl) *11 

• 

16 

□ »2(«2) 

Wid 

10 

15 

Z1552 

leyCH 

11 

14 

□ 5iB 

GWOl 

12 

13 

□ leb 




CD001430 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 



B-Bus is noninverting for Am2962. 


CONNECTION DIAGRAM 
Leadless Chip Carrier 
L-28-1 


i ^ 1^ 



CD004860 


METALLIZATION AND PAD LAYOUT 

Am2961 Am2962 


s 1 

OEY 2 

^0 3 
Bq 4 
2 p 5 

Dip 6 

Dli 7 
Yl 8 
Bi 9 
Ddi 10 

LEY 11 
GND 12 


24Vcc 

S 1 - 


- 24Vcc 

23 OED 

OEY 2- 

- 1 

- 23 OED 

22 Dda 

DOq 3- 


- 22663 

21 83 

Bo 4 -^ 


- 21 B 3 

20 Y 3 

Yo 5- 


- 20 Y 3 

I 9 DI 3 

Dio 6 - 


-I 9 DI 3 

18 DI 2 

Dll 7- 


i.- I 8 DI 2 

17 Y 2 

Yi 8 - 


- 17 Y 2 

16 Bj 

9- 


- 16 B 2 

15662 

D 6 i 10 - 

^ -- -.. 

j - 15662 

14 611 

LEY 11 - 


-14 611 

13LEB 

GND12 - 

_ _ 1 

— 13LEB 


DIE SIZES .102" X .087" 



ORDERING INFORMATION 



AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2961 

Am2962 


D C B 

*—Screening Option 

Blank - Standard processing 
B “ Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70X) 

M - Military (-55X to +125®C) 

_PsinkAnA 

D-24-pin CERDIP (D-24-SLIM) 

L-28-pin leadless chip carrier (L-28-1) 


Device type 

4-Bit Error Correction Multiple Bus Buffers 


Valid Combinations 

Am2961 

Am2962 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4,9, 

16,21 

Bo, Bi, 

02 , 03 

I/O 

The four bidirectional system data bus inputs/outputs. The B-to-Y path is inverting for the Am2961 (Bj) and 
noninverting for the Am2962 (Bj). 

14 

Oeb 

I 

The three-state Output Enable for the system data bus output drivers. When SEb is LOW, data from the Data Output 
Latch is output to the system data bus. When OEB is HIGH, the bus drivers are in the high-impedance state and the 
Data Input Latch can receive input data from the system data bus. 

13 

LEB 

I 

Latch Enable for the Data Output Latch. When LEB is HIGH, the latch is transparent and Y-Bus data is output to the 
B-Bus. When LEB goes LOW, Y-Bus data meeting the latch set-up and hold time requirements is latched for output to 
the B-Bus. 

5, 8 , 

17, 20 

Yo. Yi, 

Y 2 . Y3 

I/O 

The four bidirectional EDO data inputs/outputs for connection to the EDO data I/O port. 

11 

LEY 

I 

The Latch Enable control for the Data Input Latch for the data input from the system data bus (B), When LEY is HIGH 
the latch is transparent and 0 input data is available at the MUX input for selection to the Y outputs. When LEY goes 
LOW, 0 input data meeting the latch set-up and hold time requirements is latched for subsequent selection to the Y 
outputs. 

2 

OEY 

I 

Output Enable for the Y (EDO) Bus outputs. When OEY is HIGH, data selected by the input data multiplexer is output 
to the Y-bus. When OEY is LOW, the MUX output is in the high-impedance state and the Y-Bus can receive input data 
from the EDO Unit. 

1 

S 

I 

The Select input for the input data multiplexer. A LOW input selects data from the memory data input, W, for output to 
the EDO bus (Y). A HIGH input selects data from the system data bus Data Input Latch (B or B). 

3, 10, 

15, 22 

dOo, dSi, 
D 02 , D 03 

0 

The Data Outputs to the memory data inputs. The DO outputs are inverted with respect to the EDO Bus (Y). These 
outputs are "RAM Driver" outputs with a collector resistor in the lower output driver to protect against undershoot on 
the HIGH-to-LOW transition. 

23 

Oed 

I 

Output Enable for the DO outputs. An active LOW input causes the DO outputs to output inverted data from the EDO 
(Y) Bus and a HIGH input puts the DO outputs in the high-impedance state. 

6 , 7, 

18, 19 

Oio, Dii, 
Dl 2 , Dig 

I 

The Data Inputs from memory. Di inputs are selected by the data input MUX for output to the EDO (Y) Bus (controlled 
by S and OEY) and/or output to the system data bus (B) (controlled by LEB and OEB). 


FUNCTION TABLES 


*OEB = HIGH for B data input 


DO PORT OUTPUT 


Y 

OED 

DO 

X 

H 

Z 

L 

L 

H 

H 

L 

L 


B-BUS OUTPUT 


Y* 

Input 

LEB 

SEE 

1 

Am2961 

B 

Am2962 

X 

X 

H 

Z 

Z 

L 

H 

L 

H 

L 

H 

H 

L 

L 

H 

X 


L 

NC 

NC 


*OEY = LOW for B data input 


Y-BUS OUTPUT 


LEY 

Dll 

B,* 

Am2961 

B|* 

Am2962 

S 

OEY 

Y 

X 

X 

X 

X 

X 

L 

Z 

X 

L 

X 

X 

L 

H 

H 

X 

H 

X 

X 

L 

H 

L 

H 

X 

L 

H 

H 

H 

H 

H 

X 

H 

L 

H 

H 

L 

L 

X 

X 

X 

H 

H 

NC 
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Am2961/Ann2962 


ABSOLUTE MAXIMUM RATINGS 

OPERATING RANGES 


Storage Temperature. 

Ambient Temperature Under Bias 

Power Applied. 

Supply Voltage to Ground Potential 

Continous... 

DC Voltage Applied to Outputs For 

High Output State. 

DC Input Voltage. 

DC Output Current, Into Outputs. 

DC Input Current. 

...-65®C to +150®C Commercial (C) Devices 

Temperature.0®C to +70®C 

...-55X to +125‘’C Supply Voltage...+4.75V to +5.25V 

-0 5V to + 7 OV 

. Temperature.-55X to +125‘’C 

0 5V t V M Supply Voltage.+4.6V to +5.6V 

. 0 CC ^ ^ Operating ranges define those limits over which the function- 

■. qnmA device is guaranteed. 

..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 






DC CHARACTERISTICS OVER OPERATING RANGE - Y BUS 







Min 


Max 


VOH 

Output HIGH Voltage 

Vcc = min 

V|N * ViH or V|L 

Iqh “ -3.0mA 

2.4 

mQii 

___ 


VOL 

Output LOW Voltage 

Vcc * min 

V|N = V|H or V|L 

Iql “ 8 mA 


0.3 


Volts 

Iql “ 16mA 


0.35 

0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N =-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0 .4V 

OEY = LOW 



-2.0 

mA 

l|H 

Input HIGH Current 

Vcc “MAX, V|n*2.7V 

OEY = LOW 



100 

pA 

l| 

Input HIGH Current 

Vcc “ max. V|n = 5 .5V 

OEY = LOW 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 

-30 


-130 

____ 

mA 

DC CHARACTERISTICS OVER OPERATING RANGE - B BUS 

Parameters 

Descriptions 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 


2.4 



Volts 

Iqh ““15mA 

2.0 



VOL 

Output LOW Voltage 

Vcc “ min 

V|N “ ViH or V|L 

lot * 12mA 


0.3 

0.45 

Volts 

lot “ 24mA 


0.35 

0.50 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

VlL 

Input LOW Level 

■ 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

Vl 

Input Clamp Voltage 

Vcc “MIN, l|N*-18mA 



-1.5 

Volts 

IlL 

Input LOW Current 

Vcc “ max, V|n = 0 .4V 

= HIGH 



-1.0 

mA 

i|H 

Input HIGH Current 

Vcc “ max. Vjn “ 2 .7V 

- HIGH 



100 

juA 

l| 

Input HIGH Current 

Vcc “MAX. VjN»6.5V 

SES - HIGH 



1.0 

mA 

Isc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 

-50 


-150 

mA 

Notes: 1. For conditions as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2 . Typical limits are at Vcc “ 5.0V, 25“C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DC CHARACTERrSTICS OVER OPERATING RANGE - DO OUTPUTS 


Typ 

Parameters Descriptions Test Conditions (Note 1) Min (Note 2) Max Units 



DC CHARACTERISTICS OVER OPERATING RANGE -Dl INPUTS AND CONTROLS 

Typ 

Parameters Descriptions Test Conditions (Note 1) Min (Note 2) Max Units 



DC CHARACTERISTICS OVER OPERATING RANGE - POWER SUPPLY 


Parameters 

Descriptions 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

icc 

Power Supply Current 

Vcc “ max 


110 

155 

mA 
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Am2961/Am2962 


SWITCHING TEST CIRCUIT 





Figure 1. 


Figure 2. 


Figure 3. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Am2961 


Parameters Description 

_ Propagation Delay B to Y (Latch 

tpHL Transparent, OEY * LEY = HIGH) 

Tplh Propagation Delay Dl to Y 

tpHL (OEY = HIGH, S = LOW) 

^PLH _ Propagation Delay S to Y 

tpHL (OEY = HIGH) 

tPLH Propagation Delay LEY to Y 

tpHL (OEY = S = HIGH) 

tPZH Y Bus Output Enable Time 

tpzL OEY to Y _ 

*PHZ _ Y Bus Output Disable Time 

tpLZ _ OEY to Y _ 

^PLH _ Propa gation Delay LEB to B 

tpHi _ (g^ = LOW) _ 

^PLH Propagation Delay Y to B (Latch Transparent, 

tpHL LEB = HIGH, OEB = LOW. OEY = LOW) 


Propagation Delay Y to B (Latch Transparent, 
LEB = HIGH. OEB = LOW. OEY = LOW) 


Test Conditions 


B Bu s Output Enable Time 
QEB to B 

B Bu s Output Disable Time 
OEB to B 


Figure 1 
Cl == 5pF 
Rl * 390^2 
R 2 = 


Figure 1 
Cl = 50pF 
Rl = 27on 
R 2 = 1 kl 2 

Figure 1 
Cl = 300pF 
Rl = 27oa 
R 2 = IkH 

Figure 1 
Cl = 50pF 
Rl = 2700, 
R 2 = 1 kf 2 

Figure 2 
Cl = 50PF 
R = 2kl2 




35 

1 


18 


18 


18 


18 


25 


35 


18 


20 


26 


31 


18 


18 


18 


‘PLH Propagation Delay Y to SS 

(Sfe-OEY-LOW) _ Ct=50PF 

^PZH _ d 5 O utput Enable Time 

\p 2 \_ OED to DO 

^PHZ _ ^ O utput Disable Time 

OED to D0 

ts B to LEY Set-up Time (U^ = HIGH) 

tH B to LEY Hold Time (0^ = HIGH) 

ts Y to LEB Set-up Time (OEY * LOW) 

tH Y to LEB Hold Time (OEY = LOW) 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 




21 


21 


21 


21 


30 


40 


21 


23 


30 


35 


21 


21 


21 


21 


1 18 


23 


30 


30 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Am2962 


Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

Units 

Min 

Max 

Min 

Max 

tpLH 

Propagation Delay B to Y (Latch 

Transparent,OEY = LEY = HIGH) 

Figure 1 

Cl = 5pF 

Rl “ 390f2 

R2 = 1 


27 


28 

ns 

tPHL 


27 


28 

ns 

tPLH 

Propagation Delay Di to Y 
(OEY =* HIGH, S = LOW) 


15 


18 

ns 

tPHL 


15 


18 

ns 

tpLH 

Propagation Delay S to Y 
(OEY = HIGH) 


25 


28 

ns 

tpHL 


25 


30 

ns 

tPLH 

Propagation Delay LEY to Y 
(OEY = S = HIGH) 


25 


30 

ns 

tPHL 


35 


40 

ns 

tpZH 

Y Bus Output Enable Time 

OEY to Y 


18 


21 

ns 

tpZL 


18 


21 

■EH 

tpHZ 

Y Bus Output Disable Time 

OEY to Y 




21 

HOB 

tpLZ 


18 


21 

■s 

tpLH 

Propagation Delay LEB to B 
(OEB = LOW) 

Figure 1 

Cl = 50pF 

Rl = 27oa 

R2= 1kf2 


25 


30 

■cm 

tPHL 


35 


40 


tPLH 

Propagation Delay Y to B (Latch Transparent, 

LEB = HIGH, OEB = LOW, OEY = LOW) 


20 


23 

mom 

tpHL 


21 


24 

IQIIII 

tpLH 

Propagation Delay Y to B (Latch Transparent, 

LEB = HIGH, OEB = LOW, OEY = LOW) 

Figure 1 

Cl = 300p F 

Rl = 27on 

R2= 1kl2 


28 


32 

ns 

tPHL 


32 


36 

ns 

tpZH 

B Bus Output Enable Time 

QEB to B 

Figure 1 

Cl = 50pF 

Rl = 270^2 

R2 = IkO 


18 


21 

ns 

tpZL 


18 


21 

ns 

tPLZ 

B Bus Output Disable Time 

OEB to B 


18 


21 

ns 

tPHZ 


18 


21 

ns 

tpLH 

Propagation Delay Y to DO 
(OED = OEY = LOW) 

Figure 2 

Cl = 50pF 

R = 2Kn 


15 


18 

ns 

tpHL 


20 


23 

ns 

tpZH 

DO Output Enable Time 

OED to DO 

S = 2 

Figure 3 

Cl = 50pF 

R = 68012 


28 


30 

ns 

tpZL 

S*1 


28 


30 

ns 

tPHZ 

DO Output Disable Time 

OED to DO 

S = 2 


16 


18 

ns 

tPLZ 

S = 1 


24 


28 

ns 

ts 

B to LEY Set-up Time (OEB = HIGH) 

Figure 1 

Cl = 50pF 

Rl = 390S1 
R2 =1ki2 

8 


8 


ns 

tH 

B to LEY Hold Time (OEB = HIGH) 

8 


9 


ns 

ts 

Y to LEB Set-up Time (OEY = LOW) 

Figure 1 

Cl = 50pF 

Rl = 270fl 

R2 = Ikfi 

8 


8 


ns 

tH 

Y to LEB Hold Time (OEY = LOW) 

8 


9 


ns 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2964B/Am2964C 


Am2964B/Am2964C 


Dynamic Memory Controller 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Dynamic Memory Controller for 16K and 64K MOS 
dynamic RAMs 

8-Blt Refresh Counter for refresh address generation, 
has clear input and terminal count output 
Refresh Counter terminal count selectable at 266 or 128 


Latch Input RAS Decoder provides 4 RAS outputs, all 

active during refresh _ 

Dual 8-Bit Address Latches plus separate RAS Decoder 
Latches 

Burst mode, distributed refresh or transparent refresh 
mode determined by user 


GENERAL DESCRIPTION 


The Am2964B Dynamic Memory Controller (DMC) replaces 
a dozen MSI devices by grouping several unique functions. 
Two 8-bit latches capture and hold the memory address. 
These latches and a clearable, 8-blt refresh counter feed 
Into an 8-bit, 3-Input, Schottky speed MUX for output to the 
dynamic RAM address lines. 

The sanrie silicon chip also includes a special RAS decoder 
and CaS buffer. Placing these functions on the same chip 
minimizes the time skew between output functions which 
would otherwise be separate MSI chips, and therefore 
allows a faster memory cycle time by the amount of skew 
eliminated. 


The RAS Decoder allows upper addresses to select one-of- 
four banks of RAM by deter mining w hich bank receives a 
RAS input. During refresh (RFSH = LOW) the decoder 
mode is c hange d to four-of-four and all banks of m emory 
receive a RAS inp ut fo r refresh in response to a RASI 
active LOW input. CAS is inhibited during refresh. 

Burst mode r efresh is accomplished by holding RFSH LOW 
and toggling RASi. 

Ai 5 is a dual function Input which controls the refresh 
counter's range. For 64K RAMs it is an address Input. For 
16K RAMs it can be pulled to +12V through 1K12 to 
terminate the refresh count at 128 instead of 256. 




ADVANCED INFORMATION 

Am2964C 

• Uses ECL Internal circuitry with IMOX^*'^ proc 
to offer higher performance 

• Plug-in replacement for Am2964B 


*'C’ version incorporates higher speed/plug in compatability 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


fiASa 

SaSs 

?iA9i 


CA§0 

CASi 

5S 

IS 

Vcc 

*1S 

07 

*7 


DIP 


RASo 

Z] Ao 
Z1 Oo 

Z1 Le 


03 

B wmt 

*11 


Leadless Chip Carrier 

«i ^ g If n If If 7 j 3 


] 04 

] AlJ 


Note: Pin 1 is marked for orientation 



METALLIZATION AND PAD LAYOUT 



24Aii 
23 A4 
22 O4 
21 Ai2 


DIE SIZE 0.156" X 0.143" 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2964B D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

-Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55X to +125‘’C) 

'— Package 

D-40-pin CERDIP (D-40-1) 

L-44-pin leadless chip carrier (L-44-1) 

P-40-pin plastic DIP (P-40-1) 

X- Dice 

Device type 

Dynamic Memory Controller 


Valid Combinations 

Am2964B 

Am2964C 

DC, DCB, DM, DMB 

LC, LM, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device is currently available in the 
combination you wish. 
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Am2964B/Am2964C 


PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


< 

1 

o 

< 

I 

The low order Address inputs are used to latch eight Row Address inputs for the RAM. These inputs drive the outputs 
O0-O7 when MSEL is HIGH. 


> 

05 

1 

> 

cn 

I 

The high order Address inputs are used to latch eight Column Address inputs for the RAM. These inputs drive the 
outputs O0-O7 when MSEL is LOW. 

11 

Ai5 

I 

Ai 5 is a dual input. With normal TTL level inputs A15 acts as address input A15 for 64K RAMs. If A15 is pulled up to 
+12V through a 1 resistor, the terminal count output. TC, will go LOW every 128 counts (for 16K RAMs) instead of 
every 256 counts. 


O0-O7 

0 

The RAM address outputs. The eight-bit width is designed for dynamic RAMs up to 64K. 

16 

MSEL 

I 

The Multiplexer-SELect input determines whether low order or high order address inputs appear at the multiplexer 
outputs Oo - O7. When MSEL Is HIGH the low order address latches (Aq - A 7) are connected to the outputs. When 
MSEL is LOW the high order address latches are connected to the outputs. 

25 

rfSh 

I 

The Refresh control input. When active LOW the RFSH input switches the address output multiplexer to output the 
inverted contents of the 8-bit refresh counter. RFSH LOW also inhibits the CAS buffer and changes the mode of the 
RAS decoder from one-of-four to four-of-four so that ail four RA§ decoder outputs, RASq, RASi, RAS? and RAS3, go 
LOW in response to a LOW Input at RASI. This action refreshes one row address in each of the four RAS decoded 
memory banks. The refresh counter is advanced at the end of each refresh cycle by the LOW-to-HIGH transition of 
RFSH or RASI (whichever occurs first). In burst mode refresh, RFSH may be held LOW and refresh accomplished by 
toggling RASI. 

9 

TC 

0 

The Terminal Court output. A LOW output at TC indicates that the refresh counter has been sequenced through either 
128 or 256 refresh addresses depending on Ais- The TC output remains active LOW until the refresh counter is 
advanced by the rising edge of RASI or RFSH. 

8 

Cm 

I 

The refresh counter Clear input. An active LOW input at CLR resets the refresh counter to all LOW (refresh address 
output to all HIGH). 

36 

LE 

I 

The address latch enable input. An active HIGH input at LE causes the two 8-bit address latches and the 2-bit RAS 
Select input latch to go transparent, accepting new input data. A LOW input on LE latches the input data which meets 
set-up and hold time requirements. 

4, 

5 

RSELq snd 
RSELi 

I 

The RAS decoder Select inputs. Data (latched) at these inputs (normally higher order addresses) is decoded by the RAS Decoder 
to "RAS Select" one of four banks of memory with RASq, RASi, RAS? or RAS3. 

3 

Rm 

I 

The Row Address Strobe Input. During normal memory cycles the selected RAS Decoder output RASp, RASi, RAS? 
or RAS3 will go active LOW in response to an active LOW input at RASI. During refresh (RFSH = LOW), all RAS 
outputs go LOW in response to RASI = LOW. 

39, 40, 

1, 2 

R^o. 

RAS-|, 

RAS?, 

R^3 

0 

Row Address Strobe outputs (RASj). Each provides a Row Address Strobe for one of the four banks of memory. Each 
will go active LOW only when selected by RSELq and RSELi and only when RASI goes active LOW. All RASq -3 
outputs go active low in response RASI when RFSH goes LOW. 

7 

CASi 

I 

The Column Address Strobe. An active LOW input at CASI will result in an active LOW output at CASO, unless a 
refresh cycle is in progress (RFSH = LOW). 

6 


0 

The Column Address Strobe output. The active LOW CASO output strobes the Column Address into the dynamic 
RAM. CASO is inhibited during refresh (RFSH « LOW). 


RAS OUTPUT FUNCTION TABLE 


RFSH 


RSELi 

RSELq 

R^O 

^1 

Ri^2 

RAS3 

L 

H 

X 

X 

H 

H 

H 

H 

L 

L 

X 

X 

L 

L 

L 

L 

H 

H 

X 

X 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 


CASO FUNCTION TABLE ADDRESS OUTPUT 

_^^_, FUNCTION TABLE 


RFSH 

CASi 

CASO 

H 

L 

L 

H 

H 

H 

L 

X 

H 


MSEL 

RFSH 

O 0 -O 7 

H 

H 

A 0 -A 7 

L 

H 

A8-A15 

X 

L 

Refresh Address 
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REFRESH ADDRESS COUNTER FUNCTION TABLE 


Through IKrZ resistor. 


TC REFRESH COUNT 


OOh and 80h 


BURST REFRESH TIMING 


Clear Counter 

Output Refresh Address 
No Change for Counter 

Return to Memory Cycle 
Mode and Decrement Counter 

Output all RASj to RAM 
No Change for Counter 

Return RASj to HIGH and 
Decrement Counter 

Terminal Count for 
256 Line Refresh 

Terminal Count for 128 Line 
Refresh 



REFRESH COUNTER IS 
DECREMENTED ON 
THIS EDGE 


NOTE; f5 1. OCCURS 

BEFORE ADDRESS 
ZERO IS REFRESHED 




256 LINE _ 

REFRESH TC 
A,5 = TTL LEVELS 


The timing shown assumes that burst mode applications may power-down the Am2964B with the RAM. 
Therefore the counter is cleared prior to executing the refresh sequence. 
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Am2964B/Am2964C 


* 


Input Latches 

The eighteen input latches are transparent when LE is HIGH 
and latch the input data meeting set-up and hold time 
requirements when LE goes LOW. In systems with separate 
address and data buses, LE may be permanently enabled 
HIGH. 

Refresh Counter 

The 8-bit refresh counter provides both 128 and 256 line 
refresh capability. Refresh control is external to allow maxi¬ 
mum user flexibility. Transparent (hidden), burst, synchronous 
or asynchronous refresh modes are all possible. 

The re fresh c oun ter is advanced at the LOW-to-HIGH transi¬ 
tion of RFSH (or RASI). This assures a stable counter output 
for the next refresh cycle. The counter will contin ue to cycle 
through 256 addresses unless reset to zero by CLR. This 
actually causes all outputs to go HIGH since the output MUX is 
inverting. (Address inputs to outputs are non-inverting since 
both the input latches and output MUX are inverting). 

64K WORD X 22-BlT MEMORY 
DATA MEMORY CHECK 


UPPER BYTE LOWER BYTE SITS 



AF000810 


Address and rAS/CA$ drivers each drive 22 RA M inp uts at each out put. Timing skew is minimized by using one 
device for address lines and one device for RA§/CA§, spreading the CaS loading over four drivers to equalize the 
capacitive load on each driver. 

Figure 1. Dynamic Memory Control with Error Detection and Correction 


APPLICATION 

Architecture 

The Dynamic Memory Controller (DMC) pr ovides add ress 
multiplexing, refresh address generation and RA^/CAS con¬ 
trol for the MOS dynamic RAM memories of any data width. 
The eight bit address path is designed for 64K RAMs and can 
be used with 16K RAMs. 

Sixteen address input latches and two RAS Select latches (for 
higher order addresses) allow the DMC to control up to 256K 
words of memory (with 64K RAMs) by using the internal RAS 
decoder to select from one-of-four banks of RAMs. 

Speed With Minimum Skew 

The DMC provides Schottky speed in all o f the c ritic al pa ths. In 
addition, time skew between the Address, RAS and cAS paths 
is minimized (and specified) by plac ing these function on the 
same chip. The Inclusion of the CAS buff er allo ws matching of 
its pro pagat ion delay, plus provides the CAS inhibit function 
during RAS - only refresh. 
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Refresh Terminal Count 

The refresh counter also provides a Terminal Count output for 
burst mode refresh applications. TC normally occurs at count 
255 (Oo to O 7 all LOW when RFSH is LOW). TC can be made 
to occur at count 127 for 128 line burst mode refresh by pulling 
Ai 5 up to +12V through a 1Kr2±10% resistor. The counter 
actually cycles through 256 with TU determined by A 15 . 
Otherwise, A 15 functions as an address input when driven at 
normal TTL levels. 

Three Input 8-Bit Address Multiplexer 

The address MUX is 8 -bits wide (for 64K RAMs) and has three 
data sources: the lower address input latch (Aq to A 7 ), the 
upper address input latch (Ae to A 15 ) and the internal refresh 
counter. The lower address latch is selected when MSEL is 
HIGH. This is normally the Row address. The upper address 
latch is selected when MSEL is LOW. This is normally the 
Column address. The third source, the refresh counter, is 
selected when RFSH is LOW and overrides MSEL. 

When RFSH g oes LO W, the MUX selects the refres h counter 
address and CA§0 is inhibited. Also, the RAS Decoder 


function is ch a nged from one-of-four to four-of-four so all RA 6 
outpu ts RAS q-NaSs go LOW to refresh all banks of me mory 
when RaSI goes LOW. When RFSH is HIGH only one RAS 
output goes low. This is determined by t he fRA S Select Inputs, 
RSELo and RSELi. In eithe r case the RAS Decoder output 
timing Is controlled by R ASI t o mak e sure the refresh count 
appears at O 0 -O 7 before RAS 0 -RAS 3 go LOW. This assures 
meeting Row address Set-up time requirement of the RAM 
(tASR)- 

Maximum Performance System 

The typical organization of a maximum performance 16-blt 
system including Error Detection and Correction Is shown In 
Figure 1 . Delay line s prov ide the most accurate timing and are 
recommended for RAS/MSEL/CaS timing In this type of 
system. 

Controlling 16K RAMs or Smaller Systems 

I 6 K RAMs require seven address inputs and 128 line refresh. 
Also, Aq is often used to designate upper or lower byte 
transactions in 16-bit systems. These modifications are shown 
in Figure 2 . 



BYTES WORDS 

0-32K 0-16K 

32-64K 16-32K 

64-96K 32<48K 

96-128K 46-64K 


AF000350 


*Ao Controls Byte Select Logic 

Figure 2. Word Organized Memory Using 16K RAMs 


* 
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Ann2964B/Am2964C* 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature...-65®C to +150®C 

Ambient Temperature under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continous.........-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. -0.5V to Vcc Max 

DC Input Voltage.....-0.5V to +5.5V 

Output Current, Into Outputs.....20mA 

DC Input Current.......-30mA to + 6.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature..0°C to + 70X 

Supply Voltage... + 4.7SV to + 5.25V 

Military (M) Devices 

Temperature...-55®C to +125°C 

Supply Voltage....+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Descriptions 

Test Conditions 

(Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or ViL 
IOH=-1mA 

TC 

2.5 



Volts 

Others 

3.0 



Volts 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Iqh ~ ~ “15mA 

All outputs 
except TC 

2.0 



Volts 

VOL 

Output LOW Voltage 

Vcc * min 

V|N = V|H or V|L 

All outputs except 

TC, Iql = 16mA 



0.5 

Volts 

TC, Iql “ 8 mA 



0.5 

Volts 

V|H 

Input HIGH level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max 

V|N = 0.4V 

RASI 



-3.2 

mA 

CASi, MSEL, RF§H 



-1.6 

mA 

Ao -Ai5, clr 

RSELo.i, LE 



-0.4 

mA 

IlH 

Input HIGH Current 

Vcc = max 

V|n = 2.7V 

RASi 



100 

ma 

CASi, MSEL, RF^ 



50 

ma 

J3> 
0)9 
m > 



20 

mA 

h 

Input HIGH Current 

Vcc = max 

V|N = 5.5V 

RASi 



2.0 

mA 

CASi, MSEL, RF§H 



1.0 

mA 

Vcc = max 

ViN = 5.5V 

Ao'Ai5, clr 

RSELo.i. LE 



0.1 

mA 

isc 

Output Short Circuit Current 

Vcc = max (Note 3) 

-40 


-100 

mA 

Icc 

Power Supply Current 
(Note 4) 

25‘’C, 5V 



122 


mA 

0“C to 70°C 

COM'L 



173 

mA 

70“C 





-55X to +125®C 

MIL 



164 

mA 

+125"C 



150 

mA 

It 

Ai 5 Enable Current 

Ai 5 connected to +12V through 

1KJ2±10% 



' 5 

mA 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2 . Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one se cond._ 

4. Ice is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CaSI are 
HIGH and all other inputs are LOW. 
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SWITCHING CHARACTERISTICS over operating range for C/. = 50pF 

Am2964B (Notes 5, 6) 



Description 

Test 

Conditions 

Typ 

Aj to Oj Delay 


14 

RA§I to RAS; (RFSH = H) 


14 

RASi to RAS; (RFSH « L) 


14 

MSEL to Oj 


17 

MSEL to Oj 


17 

Cast to (RF§H = H) 


12 

RSELj to RA§; (LE * H, RASI = L) 


15 

^iF§H to TC (RASi * L) 


30 

RA§i to TC (RFSH = L) 


25 

PlA§i = L (RF§H = L) 


10 

= H (RFSR = L) 


10 

RFSH to Oj (RASi = X) 


17 

RFSH to RAS; (RASi = L) 


19 

Slr^l 


10 

FfSh to SaSo 

(RASi = L SASi = L. Note 7) 

Cl = 50pF 

16 

LE to Oi 


25 

LE to RASj 


30 

SlS to TS 


35 

SLR to Oj (RFSH = L) 


31 

Aj to LE Set-Up Time 


0 

A| to LE Hold Time 


5 

RSELj to LE Set-Up Time 


0 

RSELj to LE Hold Time 


10 

CLR Recovery Time 


10 

Oj to RASj (SfSH = H, Note 8) 


2 

Oj to SASS (Note 8) 


6 

Oj to RASj (RF§H = L, Note 9) 


6 

Oj to RAS; (MSEL= “L., Note 10) 

i 

i_ 

1 


COMMERCIAL 




. 35 

50 


50 



21 


26 

30 



21 


35 


40 


45 


44 

5 


12 


5 





Notes: 5. Minimum spec limits for tp^, ts and tn are minimum system operating requirements. Limits for tsKEW and tpo are 
guaranteed test limits for the device. 

6 . All AC parameters are specified at the 1.5V level. 

7. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 

8 . Oj to RA$i (RFSH = HIGH) skew is guaran teed m aximum difference between fastest HaSI to R ASj de lay and sl owest 
Aj to Oj delay within a single device. Oj to CASO skew is maximum difference between fastest CaSI to CASO delay 
and slowest MSEL to Oj delay within a single device. See application section entitled Memory Cycle Timing for 
correlation to System Timing requirements. 

9. Oj to R ASj (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to RASj delay and slowest 
RFSH to Oj delay within a single device. See application section on Refresh Timing for correlation to system refresh 
timing requirements. 

10. Oj to R ASj (M SE L = ~ L.) skew is guaranteed maximum difference between fastest MSEL ”L.to Oj delay and 
slowest RASI to RASj delay within a single device. 
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Am2964B/Am2964C 


SWITCHING CHARACTERISTICS over operating range for Ci = 50pF 
Am2964B (Notes 5, 6) 


Parameter 

Description 

Test 

Conditions 

Typ 


MILITARY 

Units 



Min 

Max 

1 

tPD 

Aj to Oj Delay 

Cl= 150pF 



25 



ns 

2 


to (RFSH = H) 

18 




27 

ns 

3 


to (RF§H = L) 

18 


24 


27 

ns 

4 

tpD 

MSEL to Oj 






ns 

5 


MSEL to 0| 

23 


27 


31 

ns 

6 


to (RP§H = H) 

17 


24 


26 

ns 

7 


RSELj to RA§i (LE » H, RaSI = L) 

19 


27 

■■ 

30 

ns 

8 


RF§H to TC (RA§i * L) 

34 


45 X 

■■1 

55 

ns 

9 

E9fH 

RA5i to TC (RF§H = L) 

32 


45 


55 

ns 

10 

i^iim 

RA5I = L (RF5H = L) 

10 

50 


50 


ns 

11 

tpw 

RA§i = H (RF§H* L) 


50 


50 


ns 

12 

tpD 

RFSh to Oj (RA§i = X) 

21 


mm 


30 

ns 

13 


RFSH to RAS; (RA^ = L) 

25 




36 


14 

tpw 

CLR = L 

10 




/ 

HS9i 

15 

tPLH 

RF§H to Ca§S 

(R^^gi “ L CaSI = L, Note 7) 

21 





HQil 

16 

tpD 

LE to Oj 

30 


40 



ns 

17 


LE to RA§i 

34 


45 


54 

ns 

18 


SLR to TC 

39 


55 


60 

ns 



SlR to Oj (RF§H = L) 

38 


50 


62 

ns 

20 

ts 

Aj to LE Set-Up Time 

0 

5 


5 


ns 

21 

tH 

Ai to LE Hold Time 

5 

12 


12 



22 

ts 

RSELj to LE Set-Up Time 

0 

5 


5 


ns 


tH 

RSELj to LE Hold Time 

, 10 

17 


25 


ns 

24 

t$ 

CLR Recovery Time 

10 

16 


18 


ns 


BBBWi 

Oj to (RF§R = H, Note 8) 

3 


6 


7 

ns 

26 


Oj to SA§S (Note 8) 

6 


8 


8 

ns 

27 

tSKEW 

Oj to R^j (RFSH = L, Note 9) 

6 


9 



IIIIIIIBSIIIIIH 

28 

tSKEW 

Oj to RaS; (MSeE= “L. Note 10) 

1 


5 


5 



Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1.Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2 . Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
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may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V)L < 0.4V and V|h > 2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 














































SWITCHING CHARACTERISTICS over operating range for C/. = 50pF 

Am2964C (Notes 5,6) 



Notes: 5. Minimum spec limits for tpw, ts and tn are minimum system operating requirements. Limits for tsKEW and tpp are 
guaranteed test limits for the device. 

6 . All AC parameters are specified at the 1.5V level. 

7. RFSH Inhibits CaSO during refresh. Specification is for CaSO inhibit time. 

8 . Oj to rtASj (RFSH =* HIGH) skew is guaran teed m aximum difference between fastest RASi to R ASj de lay and sl owest 
Aj to Oi delay within a single device. Oj to CaSO skew is maximum difference between fastest CaSi to CASO delay 
and slowest MSEL to Oj delay within a single device. See application section entitled Memory Cycle Timing for 
correlation to System Timing requirements. 

9. Oj to f^ ASj (IrESH * LOW) skew is guaranteed maximum difference between fastest RA$I to RASj delay and slowest 
RfSH to Oj delay within a single device. See application section on Refresh Timing for correlation to system refresh 
timing requirements. 

10. Oj to R ASj (M SE L = ~ L-) skew is guaranteed maximum difference between fastest MSEL "T-to Oj delay and 
slowest RASI to RASj delay within a single device. 
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Am2964B/Am2964C 


SWITCHING CHARACTERISTICS over operating range for Cl = ISOpF 
Am2964C (Notes 5,6) 


Parameter 

■ 

Description 

Test 

Conditions 

Typ 








1 

BBIH 

Aj to Oj Delay 

Cl = 150pF 






ns 

2 

IS9H 

to (RFSH = H) 






ns 

3 


RASi to R^ (RFSH = L) 







4 


MSEL to Oi 






ns 

5 

tpD 

MSEL to Oj 






ns 

6 


CASi to SA§0 (RFSH * H) 






ns 

7 

tpHL 

RSELj to R^ (LE = H, RASI * L) 






ns 

8 

tPLH 

R^ to TC * L) 






ns 

9 

tPLH 

^Xsi to TC (RFSH = L) 





* 

ns 

10 


RASi = L (RFSiH - L) 






ns 

11 


RASi = H (MfSH = L) 







12 


pOfSh to Oj (RASi = X) 






ns 

13 

tpHL 

RFSH to RASj (RASi = L) 






ns 

14 

lESIIIIIIIIIi 

Clr = l 






ns 

15 

QQH 

RFSR to CASO 

(RASI = L = L, Note 7) 






[[Hill 

16 


LE to Oj 






ns 

17 


LE to 






ns 

18 


Clr to Tc 






ns 

19 

tpLH 

CLR to Oj (MfSR^L) 






ns 

20 

ts 

Aj to LE Set-Up Time 






ns 

21 

tH 

Aj to LE Hold Time 






ns 

22 

ts 

RSELj to LE Set-Up Time 




iiii— 


ns 

23 

tH 

RSELj to LE Hold Time 






■ai 

24 

ts 

CLR Recovery Time 






ns I 

25 

tSKEW 

Oj to R^j (PIfSh = H, Note 8) 






■ai 

26 

tSKEW 

Oj to CASO (Note 8) 






ns 

27 

tSKEW 

Oj to ]^j (R^ * L, Note 9) 






ns 

28 

tSKEW 

Oj to RASj (MSEL= “L, Note 10) 

■■i 

■■i 

■■I 

■■■ 

■■■ 

BHI 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful. 

1 .Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2 . Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance In the ground cable 


may allow the ground pin at the device to rise by 100 s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
Inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
Vil< 0.4V and V|h >2.4V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Hm2964B Dynamic Memory Controller Timing 








Ani2964B/Am2964C 


a 


MEMORY CYCLE TIMING 

The relationship between DMC specifications and system 
timing requirements are shown In Figure 3, T^, T 2 and T 3 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 



WF001920 


a. Specifications Appiicable to Memory Cycle Timing 



b. Desired System Timing 
Figure 3. Memory Cycle Timing 


The minimum requirement for T-j, T 2 and T 3 are as follows: 

T 1 MIN = tRAH+ t28 
T 2 MIN = Ti + t 26 + tASC 
T 3 MIN = tASR + t25 

See RAM data sheet for applicable values for tRAH. tASC and 
tASR- 
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REFRESH CYCLE TIMING 

The timing relationships for refresh are shown in Figure 4. 
T 4 minimum is calculated as follows: 14 = t^sR +127 



_ 

-- @ -- 



: 

^ REFRESH ADDRESS VALID 




~ - @ - 

__ 

_ 



a 




WF001940 


a. Test Waveforms 



ANY SINGLE DEVICE. 

WF001880 


b. Desired System Timing 
Figure 4. Refresh Timing 


* 
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Am2965/Am2966 


Am2965/Am2966 

Octal Dynamic Memory Drivers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


• Controlled rise and fall characteristics 

Internal resistors provide symmetrical drive to HIGH 
and LOW states, eliminating need for external series 
resistor. 

• Output swings designed to drive 16K and 64K 
RAMS 

VoH guaranteed at Vcc -1.15V. Undershoot going 
LOW guaranteed at less than 0.5V. 


• Large capacitive drive capability 

35mA min source or sink current at 2.0V. Propaga¬ 
tion delays specified for 50pF and 500pF loads. 

• Pin-compatible with 'S240 and 'S244 
Non-inverting Am2966 replaces 74S244; inverting 
Am2965 replaces 74S240. Faster than 'S240/244 
under equivalent load. 

• No-glitch outputs 

Outputs forced into OFF state during power up and 
down. No glitch coming out of three-state. 


GENERAL DESCRIPTION 


The Am2965 and Am2966 are designed and specified to 
drive the capacitive input characteristics of the address and 
control lines of MOS dynamic RAMs. The unique design of 
the lower output driver includes a collector resistor to 
control undershoot on the HIGH-to-LOW transition. The 
upper output driver pulls up to Vcc - 1.15V to be compati¬ 
ble with MOS memory and is designed to have a rise time 
symmetrical with the lower output's controlled fall time. This 
allows optimization of Dynamic RAM performance. 

The Am2965 and Am2966 are pin-compatible with the 
popular 'S240 and 'S244 with identical 3-state output 
enable controls. The Am2965 has inverting drivers and the 
Am2966 has non-inverting drivers. 


The inclusion of an internal resistor in the lower output 
driver eliminates the requirement for an external series 
resistor, therefore reducing package count and the board 
area required. The internal resistor controls the output fall 
and undershoot without slowing the output rise. 

These devices are designed for use with the Am2964 
Dynamic Memory Controller where large dynamic memo¬ 
ries with highly capacitive input lines req uire a dditional 
buffe ring. Driving eight address lines or four RAS and four 
CAS lines with drivers on the same silicon chip also 
provides a significant performance advantage by minimiz¬ 
ing skew between drivers. Each device has specified skew 
between drivers to improve the memory access worst case 
timing over the min and max tpp difference of unspecified 
devices. 


BLOCK DIAGRAM 


Am2965 


Am2966 


1A1 -- 


’‘H 

1Y1 2A1- 


1A2 - 


— 1Y2 2A2- 

[> 

- 2Y2 'A2 - 


r- W2 2A2- 

> 


1A3 - 


— 1Y3 2A3- 


— 2Y3 f A3- 


1 

— 1Y3 2A3—H 


1A4 - 


— 1Y4 2A4- 


1 — 2Y4 'A4- 


—1Y4 2A4- 


io —0 


2 G—C 


ic-d 


O 
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Note: Pin 1 is marked for orientation 


CONNECTION DIAGRAM 
Top View 


Am2965 


Inputs 

Outputs 

G 

A 

Y 

H 

X 

Z 

L 

H 

L 

L 

L 

H 


Am2966 


Inputs 

Outputs 

G 

A 

Y 

H 

X 

Z 

L 

L 

L 

L 

H 

H 


Leadtess Chip Carrier 



V3 


NC 

Va 


CD004870 


Am2965 


METALLIZATION AND PAD LAYOUT 

Am2966 










l-JT.. 

1 - '-ii ■ _L 



I 




1 



1 


2G 


1Y1 

2A4 

1Y2 

2A3 

1Y3 

2A2 

1Y4 


2A1 


1G 1 

1A1 2 

2Y4 3 

1A2 4 

2Y3 5 

1A3 6 

2Y2 7 

1A4 8 


2Y1 9 



19 2G 

18 1Y1 

17 2A4 

16 1Y2 

15 2 A3 

14 1Y3 

13 2A2 

12 1Y4 


11 2A1 


DIE SIZE 0.094" x 0.060" 


DIE SIZE 0.094" x 0.066" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2965 

Am2966 


D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70^0) 

M - Military (-SS^’C to +125X) 

— Package 

D-20-pin CERDIP (D-20-1) 

F-20-pin flatpak (F-20-1) 

L-20-pln leadless chip carrier (L-20-1) 

P-20-pin plastic DIP (P-20-1) 

X-Dice 


Device type 

Octal Dynamic Memory Drivers 
with Three-state Outputs 


Valid Combinations 

Am2965 

Am2966 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LM, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am2965/Am2d66 


APPLICATION 

DATA MEMORY 



AF000400 


^Address and RAS/CAS drivers each drive 22 RAM inputs at each output. Timing skew is minimized by 
using one device for address lines and one device for RA^/CAS, spreading the CAS loading over four 
drivers to equalize the capacitive load on each driver. 

DYNAMIC MEMORY CONTROL WITH ERROR DETECTION AND CORRECTION 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65®C to +150®C 

Temperature (Ambient) 

Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to Vcc Max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.200mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Descriptions 

Test Conditions 

(Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N * V|H or V|L 

•oh = -1mA 

Vcc -1-15 

Vcc -0.7V 


Volts 

VoL 

Output LOW Voltage 

Vcc = min 

V|N * V|H or V|L 

lOL = loiA 



0.5 

Volts 

•OL = 12mA 



0.8 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.2 

Volts 

llL 

Input LOW Current 

Vcc = max, V|n = 0.4V 

DATA 



-200 

/iA 

iCa. 2S 



-400 

l|H 

Input HIGH Current 

Vcc * max, V|n = 2.7V 



20 

txA 

l| 

Input HIGH Current 

Vcc = max. V|n = 7.0V 



0.1 

mA 

lOZH 

Off-State Current 

Vo = 2.7V 


1 

! 

100 

(jlA 

lOZL 

Off-State Current 

Vo = 0.4V 



-200 

HA 

lOL 

Output Sink Current 

VoL = 2.0V 

50 



mA 

lOH 

Output Source Current 

VoH = 2.0V 

-35 



mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-60 

(see loH 


-200 

mA 

icc 

Supply Current 

Am2965 

All Outputs HIGH 

Vcc = max 

Outputs Open 


24 

50 

mA 

All Outputs LOW 


86 

125 

All Outputs Hi-Z 


86 

125 

Am2966 

All Outputs HIGH 

Vcc » max 

Outputs Open 


53 

75 

All Outputs LOW 


92 

130 

All Outputs HI-Z 


116 

150 


Notes; 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2. Typical limits are at Vcc * 5.0V, 25®C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am2965/Am2966 


SWITCHING TEST CIRCUIT 


Vcc 



TC000450 


*tpci Specified at C = 50 and 500pF. 

Figure 1. Capacitive Load Switching. Figure 2. Three-State Enabie/Disabie. 


TYPICAL OUTPUT DRIVER 



TC000520 

SWITCHING CHARACTERISTICS (Ta = +25‘>C, Vcc = 5.0V) 


Parameters 


Description 


Propagation Delay Time from 
LOW-to-HIGH Output 


Propagation Delay Time from 
HlGH-to-LOW Output 

Output Disable Time from 
LOW, HIGH 

Output Enable Time from 
LOW, HIGH 

Output-to-Output Skew 

Output Voltage Undershoot 


Test Conditions 


Cl = OpF 
Cl = 50pF 
Figure 1 Test Circuit Cl = 500pF 

Figure 3 Voltage Levels — —r- 

and Waveforms Cl - OpF 

Cl = 50pF 
Cl = 500pF 


Figures 2 and 4, S = 1 
Figures 2 and 4, S = 2 
Figures 2 and 4, S = 1 
Figures 2 and 4, S = 2 

Figures 1 and 3, Cl = 50pF 
Figures 1 and 3, Cl = 50pF 


Min 

Typ 

Max 


6 

(Note 4) 

6 

9 

15 

18 

22 

30 


4 

(Note 4) 

5 

7 

15 

18 

22 

30 


11 

20 


6.5 

12 


12 

20 


12 

20 


±0.5 

±3.0 
(Note 5) 


0 

-0.5 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 6) 


COMMERCIAL 


Description 


Propagation Delay Time 
LOW-to-HIGH Output 

Propagation Delay Time 
HIGH-to-LOW Output 

Output Disable Time from 
LOW, HIGH 

Output Enable Time from 
LOW, HIGH 

Output Voltage Undershoot 


Test Conditions 


Cl = 50pF 

1 and 3 - 

Cl = 500pF 

Cl = 50pF 

Figures 1 and 3 - 

CL = 500pF 


Figures 1 and 3 


S*1 

Figures 2 and 4 —— 

S = 1 

Figures 2 and 4 - 

_ |S = 2 

Figures 1 and 3, Cl = 50pF 


Figures 2 and 4 



Notes: 4. Typical time shown for reference only - not tested. 

5. Time Skew specification is guaranteed by design but not tested. 

6. AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup ! 

7. Tc = -55 to -H25‘’C for Flatpak versions. 
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TYPICAL SWITCHING CHARACTERISTICS 
VOLTAGE WAVEFORMS 




tr = tf = 2.5ns 
f = 2.5MHz 
tpyy^ ~ 200ns 


tr = tf = 2.5ns 
f = 1MHz 
tp\^ ” 800ns 


Figure 3. Output Drive Leveis. 


Figure 4. Three-State Control Levels. 


The RAM Driver symmetrical output design offers significant 
improvement over a standard Schottky output by providing a 
balanced drive output impedance (^25^2 both HIGH and 
LOW), and by pulling up to MOS Vqh levels (Vcc-l-SV). 
External resistors, not required with the RAM Driver, protect 
standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R. 


1000 



Q 

< 

o 


1.0 I-1-1-^^-1 

0 10 20 30 40 50 

tpLH - ns 

Figure 5. tptH for Vqh = 2.7 Vol vs. Cl- 


The RAM Driver is optimized to drive LOW' at maximum speed 
based on safe undershoot control and to drive HIGH with a 
symmetrical speed characteristic. This is an optimum ap¬ 
proach, because the dominant RAM loading characteristic is 
input capacitance. 

The curves shown below provide performance characteristics 
typical of both the inverting (Am2965) and non-inverting 
(Am2966) RAM Drivers. 



tpHL - ns 


Figure 6. tpHL for Vql = 0-S Volts vs. Cl- 


The curves above depict the typical tPLH and tPHL for the RAM Driver outputs as a function of load capacitance. The minimums 
and maximums are shown for worst case design. The typical band Is provided as a guide for intermediate capacitive loads. 
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Dynamic Memory Controller (DMC) 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


• Provides control for 16K, 64K, and 256K dynamic RAMs 

• Outputs directly drive up to 88 DRAMs, with a guaran¬ 
teed worst-case limit on the undershoot 

• Highest-order two address bits select one of four banks 
of RAMs 


• Separate output enable for multi-channel access to 
memory 

• Supports scrubbing operations and nibble-mode access 

• 48-pin dual In-line package 


GENERAL DESCRIPTION 


The Am2968 Dynamic Memory Controller (DMC) is Intend¬ 
ed to be used with today's high performance memory 
systems. The DMC acts as the address controller between 
any processor and dynamic memory array, using Its two 9- 
bit address latches to hold the Row and Column addresses 
for any DRAM up to 256K. These latches, and the two 
Row/Column refresh address counters, feed into a 9-bit, 4- 
input MUX for output to the dynamic RAM address lines. A 
2-bit bank select latch for the two high-ord er add ress bits is 
provided to select one each of the four RASj and CA$i 
outputs. 


The Am2968 has two basic modes of operation, read/write 
and refresh. In refresh mode, the two counters cycle 
through the refresh addresses. If memory scrubbing is not 
being implemented, only the Row Counter is used, generat¬ 
ing up to 512 addresses to refresh a 512-cycle-refresh 
256K DRAM. When memory scrubbing is being performed, 
both the Row and Column counters are used to perform 
read-modify-write cycles. I n this mode all RASj outputs will 
be active while only one CASj Is active at a time. 


BLOCK DIAGRAM 



RELATED PRODUCTS 

Part No. Description __ 

Am2960 16-Bit Error Detection and Correction Unit 

Am2970 Timing Gondoliers 
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CONNECTION DIAGRAM 
Top View 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2968 


Device Type 
DMC 


C B 

Valid Combinations 

1—Screening Option 


PC, PCB 

B - Burn-In 

Am2968 

DC, DCB 

Blank - Standard processing 


DMB 

— Commercial (C) Devices 




L Military (M) Devices 

Package 

D-48-pin Hermetic DIP 
P-48-pln plastic DIP 

Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 



CHIP PAK is a registered trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 



■ 

Address Inputs. Aq - Ag are latched in as the nine-bit Row Address for the RAM. These inputs drive Qq - Qs when the 
Am2968 is in the Read/Write mode and MSEL is LOW. Ag - A 17 are latched in as the Column Address, and will drive 
Qo-Qs when MSEL is HIGH and the DMC is in the Read/Write mode. The addresses are latched with the Latch 
Enable (LE) signal. 


LU UJ 
COCO 

I 

Bank Select. These two inputs are normally the two higher-omer address bits, and are used in the Read/Write mode 
to select which bank of memory will be receiving the RASj and CASj signals after RASI and CASI go HIGH. 


■ 

■ 

Latch Enable, This active-HIGH input causes the Row, Column, and Bank Select latches to become transparent, 
allowing the latches to accept new input data. A LOW input on LE latches the input data, assuming it meets the setup 
and hold time requirements. 

2 


I 

Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory address 
inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected when MSEL is LOW. 
The address may come from either the address latch or refresh address counter depending on MCq.i- 

1 


I 

Chip Select. This active-LOW input is used to enable the DMC. When C§ is active, the Am2968 operates normally in 
all four modes. When C§ goes HIGH, the device will not enter the Read/Write mode. This allows other devices to 
access the same memory that the DMC is controlling (e.g., DMA controller). 

37 

Se 

I 

Output Enable. This active-LOW input enables/disables the output signals. When 5E is HIGH, the outputs of the DMC 
enter the high-impedance state. The OE signal allows more than one Am2968 to control the same memory, thus 
providing an easy method to expand the memory size. 


MCo, MCi 

I 

Mode Control. These inputs are used to specify which of the four operating modes the DMC should be using. The 
description of the four operating modes is given in Table 1. 


O 

1 

8 

0 

Address Outputs. These address outputs will feed the DRAM address inputs, and provide drive for memory systems 
up to 500 picofarads in capacitance. 

_ 

RASI 

I 

Row Address Strobe Input. During normal memory cycles, the decoded RASj output (RASq, RASi , RA§ 2 . or RASg) is 
forced LOW after receipt of RASI. In either Refresh mode, all four RAS| outputs will go LOW following RASI going 
HIGH. 

4^7, 45. 31, 
29 

HA¬ 

RASS 

0 

Row Address Strobe. Each one of the Row Address Strobe outputs provides a RASj signal to one of the four banks of 
dynamic memory. Each will go LOW only when selected by SELq and SELi and only after RASI goes HIGH. All four go 
LOW in response to RASI in either of the Refresh modes. 

48 


I 

Column Address Strobe Input. This input going active will cause the selected CASj output to be forced LOW. 

46, 44, 30, 
28 


0 

Column Address Strobe. During normal Read/Write cycles the two select bits (SELq, SELi) determine which CASj 
output will go active following CASI going HIGH. When memory scrubbing is performed, only the CASj signal selected 
by CNTRo and CNTRi will be active. For non-scrubbing cycles, all four CA$j outputs remain HIGH. 

Table 1. Mode Control Function Table 

MCi 

MCo 

Operating Mode 

0 

0 

Refresh without Scrubbing. Refresh cycles are performed with only the Row Counter being used to generate 
addresses. In this mode, all four RASj outputs are active while the four GASj signals are kept HIGH. 

0 

1 

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the Row and Column counters 
generating the addresses. MSEL Is used to select between the Row and Column counter. All four RASj go active in 
response to RASI, while only one CASj output goes LOW in response to CASI. The Bank Counter keeps track of 
which CASj output will go active. This mode Is also used on system power-up so that the memory can be written with 
a known data pattern. 

1 

0 

Read/Write. This mode is used to perform Read/Write cycles. Both the Row and Column addresses are latched and 
multiplexed to the address output lines using MSEL. SELq and SELi are decoded to determine which RASj and CASj 
will be active. 

1 

1 

Clear Refresh Counter. This mode will clear the three refresh counters (Row, Column, and Bank) on the HIGH-to- 
LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all four RASj are driven LOW 
upon receipt of RASI so that DRAM wake-up cycles may be performed. 
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ADDRESS OUTPUT FUNCTION TABLE 


cs 

MCi 

MCo 

MSEL 

Mode 

MUX Output 


0 

0 

X 

Refresh without Scrubbing 

Row Counter Address 


0 

1 

1 

Refresh with Scrubbing 

Column Counter Address 

0 

0 

Row Counter Address 

1 


1 

Read/Write 

Column Address Latch 



0 

Row Address Latch 


1 

1 

X 

Clear Refresh Counter 

Zero 


0 

0 

X 

Refresh without Scrubbing 

Row Counter Address 


0 

1 

1 

Refresh with Scrubbing 

Column Counter Address 

1 

0 

Row Counter Address 


1 

0 

X 

Read/Write 

Zero 


1 

1 

X 

Clear Refresh Counter 

Zero 


RAS OUTPUT FUNCTION TABLE 


RASI 

CS 

MCi 

MCo 

UJ 

(/) 

SELo 

Mode 

RASo 

RASi 

RAS2 

RASa 

0 

X 

X 

X 

X 

X 

X 

1 

1 

1 

1 



0 

0 

X 

X 

Refresh without Scrubbing 

0 

0 

0 

0 



0 

1 

X 

X 

Refresh with Scrubbing 

0 

0 

0 

0 





0 

0 


0 

1 

1 

1 


0 

1 

0 

0 

1 

Read/Write 

1 

0 

1 

1 

1 


1 

0 

1 

1 

0 

1 




1 

1 


1 

1 

1 

0 



1 

1 

X 

X 

Clear Refresh Counter 

0 

0 

0 

0 



0 

0 



Refresh without Scrubbing 

0 

0 

0 

0 


1 

0 

1 

Y 

Y 

Refresh with Scrubbing 

0 

0 

0 

0 


1 

0 

A 

A 

Read/Write 

1 

1 

1 

1 



1 

1 



Clear Refresh Counter 

0 

0 

0 

0 


CAS OUTPUT FUNCTION TABLE 


Inputs 

Internal 

Outputs 

CASI 

cs 

MCi 

MCo 

SELi 

SELo 

CNTRi 

CNTRo 

CASo 

^1 

CAS2 

CASa 



0 

0 

X 

X 

X 

X 

1 

1 

1 

1 







0 

0 

0 

1 

1 

1 




1 

X 

y 

0 

1 

1 

0 

1 

1 





1 

0 

1 

1 

0 

1 


0 





1 

1 

1 

1 

1 

0 




0 

0 



0 

1 

1 

1 



1 

0 

0 

1 

y 

y 

1 

0 

1 

1 



1 

0 



1 

1 

0 

1 

1 




1 

1 



1 

1 

1 

0 



1 

1 

X 

X 

X 

X 

1 

1 
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y 
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1 
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0 

X 
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X 
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APPLICATION 

ARCHITECTURE 

The Am2968 provides all the required data and refresh 
addresses needed by the dynamic RAM memory. In normal 
operation, the Row and Column addresses are multiplexed to 
the d yna mic R AM by using MSEL, with the corresponding 
RA^i and CA^j signals activated to strobe the addresses Into 
the RAM. High capacitance drivers on the outputs allow the 
DMC to drive four banks of 16-blt words, Including a 6>blt 
checkword, for a total of 88 DRAMs. 

INPUT LATCHES 

For those systems where addresses and data are multiplexed 
onto a single bus, the DMC has latches to hold the address 
information. The twenty Input latches (Row, Column, and Bank 
Select) are transparent when Latch Enable (LE) is HIGH and 
will latch the input data meeting setup and hold time require¬ 
ments when LE goes LOW. For systems where the processor 
has separate address and data buses, LE may be permanently 
enabled HIGH. 

REFRESH COUNTERS 

The two 9-bit refresh counters make it possible to support 128, 
256, and 512 line refresh. External control over what type of 
refresh is to be performed allows the user maximum flexibility 
when choosing the refreshing scheme. Transparent (hidden), 


burst, synchronous or asynchronous refresh modes are all 
possible. 

The refresh counters are advanced at the HIGH-to-LOW 
transition of RASI. This assures a stable counter output for the 
next refresh cycle. 

REFRESH WITH ERROR CORRECTION 

The Am2968 makes It possible to correct single-bit errors in 
parallel with performing dynamic RAM refresh cycles. This 
"scrubbing” of memory can be done periodically as a back¬ 
ground routine when the memory Is not being used by the 
processor. In a memory scrubbing cycle (MCi,o = 01) , the 
Row Address is strobed into all four banks with ail four RASj 
outputs going LOW. 

The Colu mn A ddress is strobed into a single bank with the 
activated CASj output being selected by the Bank Counter. 
This type of cycle Is used to simultaneously refresh the 
addressed row in all banks and read and correct (If necessary) 
one word in memory; thereby reducing the overhead associat¬ 
ed with Error Detection and Correction. When doing refresh 
with memory scrubbing, both the Row and Column counters 
are multiplexed to the dynamic RAM address lines by using 
MSEL. Using the Refresh with Memory Scrubbing mode 
Implies the presence of an error correcting facility such as the 
Am2 960A EDC unit. When doing refres h without scrubbing, all 
four RASj still go LOW but the CASj outputs are all driven 
HIGH so as not to activate the output lines of the memory. 


Figure 1. 

a. One Megaword Dynamic Memory with Error Detection and Correction 
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b. One Megaword Dynamic Memory 



AF000800 


noise at different frequencies we can make Ci =0.01/xF in 
parallel with a and C 2 = 0.01/iF. It is important to mount 
the capacitors as close as possible to the power pins (Vcc. 
GND) to minimize lead inductance and noise. 

MEMORY EXPANSION 

With a 9-bit address path, the Am2968 can control up to one 
megaword memory when using 256K dynamic RAMs. If a 
larger memory size is desired, the DMC's chip select (CS) 
makes It easy to double the memory size by using two 
Am2968s. Memory can be increased in one megaword incre¬ 
ments by adding another DMC unit. A four-megaword memory 
system implementing EDC is shown in Figure 3. 

VONP 

The guaranteed maximum undershoot voltage of the Am2968 
Is -0.5 volts. VoNP is measured with respect to the ground of 
pin 38 (Fig. 2b). Note that the ground of the capacitive load 
must be the same as for pin 38. 


TIMING CONTROL 

To obtain optimum performance and maximum design flexibili¬ 
ty, the timing and control logic for the memory system has 
been kept a separate function. For systems implementing 
Error Detection and Correction, the Am2969 Memory Timing 
Controller (MTC) provides all the necessary control signals for 
the Am2968, Am2961 /62 EDC Bus Buffers, and the Am2960A 
EDC unit (See Figure 1 a). Systems not using EDC, can use the 
Am2970 MTC to provide the control for the Am2968 (See 
Figure 1b). Both the Am2969 and Am2970 Memory Timing 
Controllers use a delay line to provide the most accurate 
timing reference from which the control signals are derived. 

DECOUPLING 

Due to the high switching speeds and high drive capability of 
the Am2968, it is necessary to decouple the device for proper 
operation. (See Fig. 2a) Recommended values for decoupling 
capacitors are between 0.01/iF and l/xF. For example to filter 


Figure 2. 
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Figure 3. Four Megaword Error Correcting Memory 



























ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150°C 

Ambient Temperature with 

Power Applied.-55°C to +125X 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating, range unless otherwise specified 


Parameters 

Descriptions 

Test Conditions (Note 1) 

Min 

Typ 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 
lOH = -1mA 

COMM 

2.7 



Volts 

MIL 

2.5 



VOL 

Output LOW Voltage 

Vcc “ min 

V|N = V|H or ViL 

Iql = 1 mA 



0.5 

Volts 

IOL= 12mA 



0.8 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, liN = -18mA 



-1.2 

Volts 

l|L 

Input LOW Current 

Vcc “ max 

V|N = 0.4V 



-400 

mA 

l|H 

Input HIGH Current 

Vcc = max 

V|N = 2.4V 



20 

HA 

l| 

Input HIGH Current 

Vcc = max 

ViN = 5.5V 



100 

ma 

lOZH 

Off-State Current 

Vo = 2.4V 



50 

HA 

•OZL 

Off-State Current 

Vo = 0.4V 



-50 

mA 

lOL 

Output Sink Current 

VoL = 2.0V 

45 



mA 

isc 

Output Short Circuit Current 

Vcc = max (Note 2) | 

-60 

-95 

-275 

mA 




25X, 5V 


230 






0°C to 70°C 



280 


icc 

Power Supply Current 

Vcc = max 

-»-70“C 


200 

260 





-55“C to 125“C 



295 





-»-125“C 


195 

255 



Notes: 1. For conditions shown as Min or Max, use the appropriate value specified under Operating Range for the applicable device type. 
2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


OPERATING RANGES 

Commercial (C) Devices 

Ta .0 to +70^ 

Vcc.5.0V ±10% 

Min.4.50V 

Max.5.50V 

Military (M) Devices 

Tc.-55 to +125®C 

Vcc.5.0V ±10% 

Min.4.50V 

Max.5.50V 

Operating ranges define those limits over which the function 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS over operating range for Cl = 50pF 


Description 




Units 

Min 

Max 

1 

tpD 

Aj to Qj Delay 

Fig. 4 and 6 

Cl “ 50pF 

12 

3 

20 

ns 

2 


RASI to 

10 

3 

18 

ns 

3 


CASI to CASj 

8 

3 

17 

ns 

4 


MSEL to Qj 

12 

3 


ns 

5 

tpD 

MCj to Qj 

15 

5 

24 

ns 

6 


LE to RAS) 

15 


25 

ns 

7 

tpo 

LE to UASj 

14 


24 

ns 

8 

tpD 

MCj to RASj 

14 

3 

21 

ns 


tPD 

MCj to CTvgj 

12 

3 

19 

ns 

10 

tPD 

LE to Qj 

15 

5 

25 

ns 

11 


RASI, CASI 

Cl = 50pF 

10 

20 


ns 



RASI, CASI 

10 

20 


ns 


ts 

Aj to LE 

1 

5 


ns 

14 

tH 

Aj to LE 

1 

5 


ns 



to Qj 

16 


23 

ns 

16 

tpD 

C§ to I^ASj 

12 


20 

ns 



C5 to CA§i 

11 


19 

ns 

18 


SELj to BASj 

12 


20 

ns 

19 


SELj to CASj 

11 


18 

ns 


OH 

SELj to LE 

1 

5 


ns 

21 

tH 

SELj to LE 

1 

5 


ns 

22 

tSKEW 

Qj to RA§j (MCj =10) 

10 


17 

ns 

23 

tSKEW 

Qj to RA§i (MCj * 00,01) 

10 


17 

ns 

24 


Qj to RA§i 

2 



ns 



Qj to QASj 

12 


17 

ns 


tPLZ 

Output Disable Time 

From LOW, HIGH 

Fig. 5 and 7 

S = 1 

15 


22 

ns 



S = 2 

13 


20 

ns 


JPZl 

Output Enable Time 

From LOW, HIGH 

Fig. 5 and 7 

msm 

13 


19 

ns 



S = 2 

14 


21 

ns 



Output Undershoot Voltage 

Fig. 4 and 6 

0 


-0.5 

V 
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SWITCHING CHARACTERISTICS over operating range for Cl = 150pF 


Parameter 

Description 

Test 

Conditions 

Typ 

COMMERCIAL AND 
MILITARY 

Units 

Min 

Max 

1 


Aj to Qj Delay 

Fig. 4 and 6 
Cl=150pF 

16 

9 

24 

ns 

2 


RASI to RTSj 

15 

9 

23 

ns 

3 

tpD 

CASI to 

14 

9 

22 

ns 

4 

tpD 

MSEL to Qi 

17 

9 

26 

ns 

5 


MCj to Qj 

18 

10 

28 

ns 

6 

tpD 

LE to 

20 


28 

ns 

7 

tpD 

LE to 

19 


27 

ns 

8 

tpD 

MCj to 

19 

9 

25 

ns 

9 

tPD 

MCj to 

17 

9 

23 

ns 

10 

tpD 

LE to Qj 

20 

10 

27 

ns 

11 

tpWL 

RASI, CASI 

Cl= 150pF 

10 

20 


ns 

12 

tpWH 

RASI, CASI 

10 

20 


ns 

13 

ts 

Aj to LE 

1 

5 


ns 

14 

tH 

Aj to LE 

1 

5 


ns 

15 

IPD 

to Qj 

19 


27 

ns 

16 

tPD 

to RA§j 

14 


22 

ns 

17 

tpD 

ns to CT^Sj 

14 


22 

ns 

18 

tpD 

SELj to RA$j 

15 


23 

ns 

19 

tPD 

SELj to n^j 

14 


22 

ns 

20 

ts 

SELj to LE 

1 

5 


ns 

21 

BBi 

SELj to LE 

1 

5 


ns 

22 


Qj to ^j (MCj = 10) 

10 


15 

ns 

23 

tSKEW 

Qj to RASj (MCj = 00,01) 

10 


17 

ns 

24 


Qj to RASj 

2 


8 

ns 



Qj to n^j 

15 


17 

ns 


VONP 

Output Undershoot Voltage 

Fig. 4 and 6 

0 


-0.5 

V 
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SWITCHING CHARACTERISTICS over operating range for Cl = 500pF 


Parameter 

Description 




Units 


Max 

1 

Dsm 

Aj to Qj Delay 

Fig. 4 and 6 

Cl = 500pF 

29 

12 

40 

ns 

2 

1^91111 

RASI to R^i 

28 

12 

40 

ns 

3 

tpD 

CASI to CASj 

26 

12 

37 

ns 

4 

tpD 

MSEL to Qj 

29 

12 

42 

ns 

5 


MCj to Qi 

30 

12 


ns 

6 

tPD 

LE to 

32 



ns 

7 

tpD 

LE to CASj 

31 


45 

ns 

8 

tpD 

MCj to i^i 

30 

12 

40 

ns 

9 


, MCj to CASj 

28 

12 

40 

ns 

10 

tpD 

LE to Qj 

32 

12 

46 

ns 

11 


RASI, CASI 

Cl = SOOpF 

10 

20 


ns 

12 


RASI, CASI 

10 

20 


ns 

13 

ts 

Aj to LE 

1 

5 


ns 

14 

tH 

Aj to LE 

1 

5 


ns 

15 

tpD 

to Qj 

30 


45 

ns 

16 

tpD 

CS to R^j 

27 


40 

ns 

17 

tPD 

to CA§j 

26 


38 

ns 

18 

tpD 

SELj to ^j 

31 


42 

ns 

19 

tpD 

SELj to CAgj 

28 


41 

ns 

20 

ts 

SELj to LE 

1 

5 


ns 

21 

tH 

SELj to LE 

1 

5 


ns 

22 


Qj to R^j (MCj = 10) 

10 


18 

ns 

23 


Qj to ^j (MCj = 00,01) 

10 


18 

ns 

■Bl 


Qj to ^j 

2 


8 

ns 

s 


Qj to CASj 

15 


20 

ns 



Output Undershoot Voltage 

Fig. 4 and 6 
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SWITCHING TEST CIRCUIT 


FROM 
DEVICE O- 
OUTPUT 



TC000490 


Vcc 



*tpcj specified at Cl = 50, 150 and 500pF 


Figure 4. Capacitive Load Switching. 


Figure 5. Three-State Enable/Disable. 


TYPICAL SWITCHING CHARACTERISTICS 

VOLTAGE WAVEFORMS TYPICAL OUTPUT DRIVER 




Figure 6. Output Drive Levels. 


THREE-STATE TIMING 


3-STAT6 

CONTROL —3 

(OE) y 



cr 

*PMZ —^ 
(DISABLE) 

*P2H - 

(ENABLE) 

_ 




VoH 

OUTPUT 


/ 


^ “OH 

/ 


(HIGH IMPEDANCE) 


/ 


7 

Vql -SV 

^P2L - 

(ENABLE) 



VOC { 

tpLZ —^ 
(DISABLE) 



WFR02941 


Note; Decoupling is needed for all AC tests 

Figure 7. Three-State Controi Levels. 
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The RAM Driver symmetrical output design offers significant 
imprpvement over a standard Schottky output by providing a 
balanced drive output impedance ('^25^2 both HIGH and 
LOW), and by pulling up to MOS Vqh levels (Vcc -1 -SV). 
External resistors, not required with the RAM Driver, protect 
standard Schottky drivers from error causing undershoot but 
also slow the output rise by adding to the internal R- 


The RAM Driver is optimized to drive LOW at maximum speed 
based on safe undershoot control and to drive HIGH with a 
symmetrical speed characteristic. This is an optimum ap¬ 
proach because the dominant RAM loading characteristic is 
input capacitance. 


Am2968 Dynamic Memory Controller Timing 















MEMORY CYCLE TIMING 

The relationship between DMC specifications and system 
timing requirements are shown in Figure 8 . Ti, T 2 and T 3 
represent the minimum timing requirements at the DMC inputs 
to guarantee that RAM timing requirements are met and that 
maximum system performance is achieved. 


The minimum requirement for T-i, T 2 and T 3 are as follows: 

Ti MIN = tASR + t22 
T 2 MIN = tRAH + t24 
T 3 MIN = T 2 + t25 + tASC 

See RAM data sheet for applicable values for tpAH. tASC and 
USR- 


Figure 8. Memory Cycle Timing 

a. Specifications Applicable to Memory Cycle Timimg (MCf = 1,0) 










«OW AOO«€SS valid 










-<i)i 




GUARANTEED MAX DIFFERENCE BETWEEN FASTEST RASi TO RaS, DELAY 
AND tme Slowest a, to q, delay on any sinGlE device 
Guaranteed max Difference between fastest msel to o, delay 
AND The Slowest rasi to ras, delay on any single device 
guaranteed max Difference between fastest casi to cas, delay 
AND The Slowest msel to q, delay on any single device 


column address valid 
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CAS, 

-- (TV 




WF003281 


b. Desired System Timing 
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_ } 
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— »AS«-^ |—- 'rah - - 
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_^— 


•asc j— 




WF001960 
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REFRESH CYCLE TIMING 

The timing relationships for refresh are shown in Figure 9. 


T 4 minimum is calculated as follows: 
T 4 MIN = tASR + t23 


Figure 9. Refresh Cycle Timing 

a. Specifications Applicable to Refresh Cycle Timing (MCi = 00, 01) 



K DIFFERENCE BETWEEN FASTEST RASf TO RAS; DELAY 
T A, to Qj DELAY ON ANY SINGLE DEVICE 
K DIFFERENCE BETWEEN FASTEST RASI TO R^, DELAY 
T MC, TO Q, DELAY ON ANY SINGLE DEVICE 
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REFRESH CYCLE TIMING 

Figure 9. Refresh Cycle Timing (Cont.) 
c. Desired Timing: Refresh without Scrubbing 




NANOSECONDS VERSUS PiCOFARADS 

To help calculate how the AC performance of the DMC will 
vary for capacitive loads other than 50, 150, and 500pF refer 
to the table below. 


Example: For a system capacitive load of 250pF, add the 
delay associated with 100pF from the table to the AC specs 
done at 150pF. 


Change in Propagation Deiay 
versus Loading Capacitance 
(TYPICAL) 



50 100 150 200 250 300 
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Am2969 

Dynamic Memory Timing Controller 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Provides complete timing control for 64K/256K memory 
systems which utilize the Am2960, Am2961/62, and 
Am2968 

• Supports byte-writes up to 32-bits wide 


• Supports memory scrubbing during refresh 

• Burst (up to 512-cycle), distributed, or hidden refresh 

• Performs memory initialization 

• Memory access/refresh request arbitration 


GENERAL DESCRIPTION 


The Am2969 is a high-performance Memory Timing Con¬ 
troller (MTC). The Am2969 is designed to be used in 
memory systems which use the Am2968 Dynamic Memory 
Controller (DMC) as well as the popular Am2960 circuits for 
Error Detection and Correction (EDC). All of the control 
signals needed by the DMC and EDC circuits are generated 
by the Am2969 MTC. The EDC enable signals are config¬ 
ured for both word and byte operations including the data 
controls for byte write with error correction. 


The Am2929 uses a delay-line to provide maximum flexibili¬ 
ty to the memory system designer as well as allowing him to 
achieve maximum performance. The delay-line is the timing 
reference from which the MTC generates the control 
signals. 

The Am2969 provides an internal refresh interval timer to 
generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 
CPU and DMA requests. 


BLOCK DIAGRAM 



BD001910 


RELATED PRODUCTS 


Part No. 

Description 

Am2960/60A 

16-Blt Error Detection and Correction Unit 

Am2961/62 

4-Bit Multiple Bus Buffers 

Am2968 

Dynamic Memory Controller 
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Ao, Ai 


BRM 


B/W 


CLK 


CS 


CYCREQ 


DTACK 


ERR 


FR 


H/F 


INTACK 

(BiRR) 


PiN DESCRIPTION 


ADDRESS BITS 0 and 1, Input 

These are the two least significant bits of the CPU 
address. They are used to control byte and 16-bit 
word operations. Aq and Ai are latched on the 
HIGH-to-l20W transition of CYCREQ. 

BUS RETRY MODE, Input 
When this input is LOW, the Am2969 enters the 
Bus Retry Mode. In this mode the INTERR and 
INTACK pins assume the BERR and HALT func¬ 
tions respectively. An explanation of the Bus Retry 
Mode is given in the "Application" section. 
BYTE/WORD, Input 

This input indicates a byte operation is to be 
performed when HIGH, and a word operation when 
LOW. 

CLOCK, Input 

For systems requiring synchronous arbitration of 
memory access and refresh requests, this input 
would receive the system clock. For asynchronous 
arbitration this input must be tied HIGH. 

CHIP ^LECT, Input 

When CS is LOW, the MTC Is enabled. A memory 
read/write cycle can only be performed when C§ 
is active, while refresh cycles occur independent of 
CS. When CS Is HIGH, all memory requests 
(HIGH-to-LOW transition of CYCREQ) will be Inter¬ 
preted as refresh requests ("Hidden" refresh). 
CYCLE_REQUEST, Input 
When CS is LOW, this input will generate an 
Internal memory request for the Am2969 or the 
HIGH-to-LOW transition of CYCREQ. 

DATA TRANSFER ACKNOWLEDGE, Output 
The HIGH-to-LOW transition of DTACK informs the 
CPU that a write cycle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 

ERROR, Input 

When this signal goes LOW, it indicates that an 
error has occurred on a rea d cyc le. This Input 
should be connected to the ERR output of the 
Am2960 EDC unit. 

FORCED REFRESH, Input 

This Input Is used to force a refresh cycle at user- 

designated times. The falling edge of FR latches 

an internal refresh request, if the memory is busy, 

the refresh is done at the completion of the current 

cycle. 

HALF/FULL, Input 

This input Indicates the relative size of the system 
bus with respect to the memory bus. It is HIGH if 
the system bus is half the memory width, and LOW 
if the system bus width is equal to the memory 
width. 

INTERRUPT ACKNOWLEDGE (BUS 
ERRO R), Inpu t (Output) 

When INTACK goes LOW It will reset the Interrupt 
Request (INTERR) output of the Am2969. In the 
Bus Retry Mode, this pin will ac t as t he BUS 
ERROR output. An explanation for BERR Is given 
in the "Application" section. 


INTERR INTERRUPT ERROR (HALT), Output 

(HALT) (Out put) 

The INTERR output interrupts the processor if a 
single-bit error is detected in the "Fly-By" mode, 
or if a multiple-bit error is detected in the Flow-Thru 
mode (see "Application" section for descriptions 
of "Fly-By" and "Flow-Thru" modes). In the Bus 
Retry Mode, this pin will act as the HALT output 

_ which is explained in the "Application" section. 

INT/ INITIALIZE/NORMAL, Input 

NORM When the Am2969 detects a falling edge on this 
input, it will enter the initialize mode of operation. 
This allows the memory to be initialized easily with 
a minimum of CPU overhead. When this input is 
HIGH, normal read/write and refresh cycles may 
be performed. 

LEB LATCH ENABLE BUFFER, Output 

This output is intended to be connected to the LEB 
input of the Am2961/62 EDC Bus Buffers. It 
controls the latching of data going from the EDC 
Bus Buffers to the system bus. When LEB is HIGH, 
the latch is transparent; when LOW, the data is 
latched. 

LEI LATCH ENABLE IN, Output 

This output is intended to be connected to the LE 
IN input of the Am2960 EDC unit. It controls the 
latching of data (data and check bits) into the EDC 

_ unit. The data is latched in when LEI is LOW. 

LEO/GEN LATCH ENABLE OUT/GENERATE, Output 

This output is intended to be connected to the LE 
OUT and GENERATE inputs of the Am2960 EDC 
unit. LE OUT controls the latching of corrected 
data from the EDC into its output latch. GENER¬ 
ATE instructs the Am2960 to generate ch eck b its 
for the data in its input latch. When LEO/GEN is 
HIGH, the latch is transparent; when LOW, data is 
latched and the EDC unit goes into the Check Bit 
Generation mode. 

MCo,i MODE CONTROL BITS 0 AND 1, Output 

These outputs are connected to the MCo,i inputs of 
the Am2968 DMC. They indicate the type of memory 
cycle to be performed, as shown in Table A. 


TABLE A. MODE SELECT TABLE 


MCi 

MCo 

Mode 

0 

0 

Refresh without Scrubbing 

0 

1 

Refresh with Scrubbing or Initialize 

1 

0 

Read/Write 

1 

1 

Clear Refresh Counter 


MERR MULTIPLE ERROR, Input 

This input identifies that a multiple error has been 
detected by the ED C unit. T his input is intended to 

__ be connected to the MERR output of the Am2960. 

OEBH , OUTPUT ENABLE BUS HIGH, LOW, Output 

OEBL These outputs are used when interfacing to a 

system bus, which can either be the same width as 
memory or half the width. They control the multi¬ 
plexing of the half-word s on to the s ystem bus from 
the EDC Bus Buffers. OEBH and OEBL are en¬ 
abled as shown in Table B. These output s are 
intended to be connected to the appropriate OEB 
inputs of the Am2961/62. 
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OEH q, 

OEH i, 

OEL q, 

OELi 


OES 


OSC 


RASt 


TABLE B. OEB TRUTH TABLE 


H/F 

Ai 



OEBH 

OEBL 

0 

X 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 


X = Don't Care 


OUTPUT ENABLE HIGH AND LOW, Output R/W 

These signals are used to select the appropriate 
output from the EDC Bus Buffers and EDC unit(s), 
when performing either byte writes or word writes S 
when H/F is high. Aq and Ai are decoded so that 
the selected byte or word may be written Into 
memory. These signals are intended to be con¬ 
nected to the corresponding OE inputs of the 

Am2960 and OEY input of the Am2961/62. Table _ 

C shows how these outputs are enabled. SUP 

OUTPUT ENABLE SYNDROMES, Output _ 

This output Is intended to be connected to the OE 
input of the Am2960 EDC unit. It controls the 
feedback of the syndrome bits in the 32-blt and 64- 
bit modes. Ti_-jo 

OSCILLATOR, Input 

This input signal is used to generate an internal 
refresh clock. Itjs^this oscillator which initiates a 
refresh cycle if FR does not go active. The OSC 

signal may come from either external components _ 

(RC circuit) or a TTL clock source. WE 


ROW ADDRESS STROBE INPUT, Output 

This output is connected to the RASI Input of the 
Am2968 DMC. It is used to start a memory access 
for the DMC. The RASI output is also connected to 
the delay line to start the timing sequence. The 
rising edge of RASI initiates both actions. 
REFRESH MODE, Input 
These inputs control the type of refresh cycle the 
Am2969 is supposed to initiate, as specified in 
Table D. 

READ/WRITE, Input 

This input indicates a memory read request when 
HIGH, and a write request when LOW. 

SELECT, Output 

The S output is intended to be connected to the S 
input of the Am2961/62 EDC Bus Buffers. It 
controls the source of data for the Am2960 EDC 
unit. When HIGH, data comes from the system 
bus; when LOW, data comes from memory. 
SUPPRESS, Input 

When sop is driven LOW, it will inhibit access to 
memory by disabling WE. It can be used to prevent 
Illegal access in memory-access-protected sys¬ 
tems. 

TIMING TAPS, Input 

These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing information for 
the Am2969 to control memory cycles. Definition 
of the ten timing taps Is given In Table E. 
WRITE ENABLE, Output 
When WE is LOW, it causes data to be written Into 
memory. WE is inhibited if SUP is LOW, or if a 
multiple error is encountered during a read-modify- 
wrlte cycle. 


TABLE C. OUTPUT ENABLE TRUTH TABLE 


H/F 

B/W 

Ai 

Ao 

OEHi 

OEHo 

OELi 

OELo 

Cycle Type 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Full Word Write 

0 

0 

1 

1 

0 

0 

0 

0 


0 

1 

0 

0 

0 

0 

0 

1 


0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

Byte Write 

0 

1 

1 

1 

1 

0 

0 

0 


1 

0 

0 

0 

0 

0 

1 

1 


1 

1 

0 

0 

0 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

Word Write 

1 

0 

1 

1 

1 

1 

0 

0 


1 

1 

0 

0 

0 

0 

0 

1 


1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

Byte Write 

1 

1 

1 

1 

1 

0 

0 

0 



TABLE D. REFRESH MODE SELECT TABLE 


RM2 

RMi 

RMo 

Refresh Mode 

0 

0 

0 

Not Scrubbing/Not Burst 

0 

0 

1 

Not Scrubbing/128-Cycle Burst 

0 

1 

0 

Not Scrubbing/256-Cycle Burst 

0 

1 

1 

Not Scrubbing/512-Cycle Burst 

1 

0 

0 

Scrubbing/Not Burst 

1 

0 

1 

Scrubbing/128-Cycle Burst 

1 

1 

0 

Scrubblng/256-Cycle Burst 

1 

1 

1 

Scrubbing/512-Cycle Burst 
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TABLE E. TIMING TAP DEFINITION TABLE 


Tap# 

Function 

1 

Controls when DTACK will go active during read cycles. 

2 

Identified when ERR flag is valid during a read cycle. 
Also used to control when the RAS outputs of Am2968 
should be taken HIGH for read and full-word write 
cycles. 

3 

Indicates that corrected data is available at output of 
EDC unit during a read cycle with a single-bit error. 

4 

Controls when DTACK will go active during read-modify- 
write cycles. 

5 

Identifies when data and check bits are available on the 
memory bus during write cycles. 

6 

Identifies when corrected data and check bits are 
available on the memory bus during read-modify-write 
cycles. 

7 

Indicates that valid data is available from memory at 
inputs of EDC unit during read cycles. 

8 

Identifies when a new memory cycle may begin after a 
read or write cycle has been performed. 

9 

Controls when RAS outputs of DMC should go HIGH for 
read-modify-write cycles. 

10 

Identifies when a new memory cycle may begin after a 
read-modify-write cycle has been performed. 


APPLICATION 

ARCHITECTURE 

The Am2969 MTC is designed to replace much of the MSI 
"glue" logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for controlling/ 
arbitrating memory access and refresh, error detection and 
correction processes, and handshaking with the processor. 
The Am2969 supports both multiplexed and demultiplexed 
buses by controlling the output enable signals of the EDO Bus 
Buffers. 

The Am2969 performs seven basic types of memory cycles - 
READ WITHOUT ERROR, READ WITH ERROR, FULL 
WORD WRITE, PARTIAL WORD WRITE, REFRESH, SCRUB¬ 
BING, and INITIALIZE. The cycles READ WITHOUT ERROR, 
FULL WORD WRITE, REFRESH, and INITIALIZE are normal 
(read/write) accesses to memory, while the others require 
extended (read-modify-write) accesses. 

ARBITRATION: SYNCHRONOUS vs 
ASYNCHRONOUS 

The Am2969 arbitrates between processor (read/write) and 
refresh requests for a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces¬ 
sor request is serviced, first followed by the refresh request. A 
third type of access, memory initialization, is given priority over 
both processor and refresh requests. It is possible for the 
arbiter to be either synchronous with the system clock, or 
asynchronous. Synchronous arbitration requires that the in¬ 
puts requesting memory, FR and CYCREQ, be clocked into 
the Am2969 by using the CLK input. In this mode, CYCREQ 
and FR are examined on the negative edge of CLK. When 
CLK Is not used (tied HIGH), the AM2969 detects is absence 
and enters the asynchronous mode. In this mode the first 
memory request to occur will be serviced, but not until after an 
internal delay to avoid metastable states. 


FLOW-THRU vs FLY-BY READ CYCLES 

The simplest way to use error-correcting memory is to extend 
all read cycles long enough to have si ngle-bit errors detected 
before the data transfer acknowledge (DTACK) is asserted. In 
this way, cycles can be extended by the Am2969 on detection 
of a single-bit error with no external logic. When a multiple-bit 
error is detected, the processor is interrupted and an error¬ 
handling subroutine can be initiated. The problem with this 
type of "flow-thru” operation is that faster memory must be 
used to allow fo r the si ngle-bit error flag to become valid 
before asserting DTACK. If faster memory Is unavailable or 
undesirable, wait-states may have to be inserted into the read 
cycle and memory bandwidth is compromised. 

In "fly-by" operation, the assumpti on is m ade that ail reads 
will result in correct data; therefore, DTACK is asserted earlier 
In the cycle, which results in improved memory bandwidth. The 
processor will be interrupted whenever an error occurs. 

Ono problem associated with fly-by operation comes from 
DTACK being asserted prior to ERR going active when a 
single-bit error is detected. In this case, the processor will be 
receiving incorrect data unknowingly. To correct this situation, 
additional logic may be required to cause the processor to 
accept the "true" corrected data. 

The Am2969 determines whether flow-thru or fly-by opera¬ 
tions should be performed by checking the relationship of T i 
and T 2 . The Fly-By mode is entered when T 1 occurs before 
T 2 , and the flow-thru mode is Identified by T 2 going LOW prior 
to Ti. 

BUS RETRY MODE 

if the system processor can support a bus retry request, the 
Am2969 has a read access mode which offers the best of 
flow-thru and fly-by operation. 
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In this mode, read cycles are normally performed as fly-by. 
However, instead of interrupting the processor when a single¬ 
bit error is encountered, the Am 2969 reque sts the last cycle to 
be "rerun" by asserting BEHR and HALT simultaneously. An 
internal status flip flop is set which reserves the next proces¬ 
sor req uest for a read cycle to the same location. On this 
access, DTACK is delayed until the err oneous data has been 
corrected. If a multiple error is detected, BERR is asserted and 
the processor can enter an error recovery subroutine. 

MEMORY INITIALIZATION 

Error-correcting memories are normally initialized to avoid the 
read errors associated with memory which powers up in a 
rand om state. The Am2969 facilitates this procedure via the 
INIT/NORM Input. The data pattern written to memory can 
either be all zero, using the INITIALIZE mode of the Am2960, 
or any desired pattern present on the system bus during the 
first memory cycle of the Initialize routine. 

Upon entering the INITIALIZE mode, the Am2969 performs 
eight "wake-up" cycles and then 2^° write/refresh cycles. 
Upon completion of the initialization, the Am2969 begins 
normal memory arbitration. 

REFRESH OPERATIONS 

The Am2969 can support a variety of refresh schemes. The 
type of refresh is controlled via the RM 0-2 inputs. Basic 
refresh types include distributed, as well as 128-, 256- or 512- 
cycle burst. 


The Internal refresh request is controlled by the FR Input, or 
the output of the internal oscillator as follows: 

• In the burst mode of operation, the FR input is always the 
refresh clock. 

• The FR Input can also be used as the refresh clock in the 
distributed refresh (non-burst) mode. However, the internal 
oscillator takes over as the refresh clock if it goes through 
three cycles without a LOW level appearing on the FR 
Input. This provision allows the primary refresh clock (FR) 
to be interrupted while it is in the HIGH logic state, and for 
refresh operations to be resumed at the internal oscillator 
frequency. 

• It is also possible to use the on-chip oscillator as the 
refresh clock in distributed refresh mode. In this case, the 
FR input should be tied HIGH. However, since the on-chip 
oscillator is asynchronous to the external CLK input, it is 
necessary to provide a synchronous refresh clock via the 
FR input If synchronous arbitration is desired. 

The Am2969 has the ability to Increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing I/O operations (CyOrEO * LOW, 
US « HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh is performed, the Am2969 
will skip the next refresh request. Figure 1 shows the timing 
Involved to perform a hidden refresh cycle. 

Depending on the system configuration and operation, it Is 
possible for the DRAM to appear "static," providing that a 
hidden refresh can be performed every refresh clock period. 
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cycle. For a scrubbing system, the extra time needed to write 
corrected data back into memory can be "hidden" from the 
processor since this occurs during refresh. 

Once the ERR signal goes LOW during a scrubbin g cycle, the 
Am2969 extends the cycle by not Issuing DTACK. The writing 
of corrected data back Into memory is accomplished by 
controlling the output enables of the EDO unit and EDO Bus 
Buffers. The Am2969 is also responsible for having the 
Am2968 DMC perform a write cycle so that the corrected data 
can be written Into the same memory location. If a multiple-bit 
error is encountered during a scrubbing cycle, WE will be 
inhibited. The total time required to "scrub" a one-megaword 
memory of ail single-bit errors is 16 seconds (assuming one 
refresh cycle every 16 psec). 


One Megaword Dynamic Memory System 
with Error Detection and Correction 



BD001160 


MEMORY ERROR SCRUBBING 

Memory scrubbing is a housekeeping operation In which 
memory is checked for errors during normal refresh opera¬ 
tions. On each refresh cycle, one memory location Is read, 
checked for errors, and If necessary, corrected and written 
back to memory. This is a preventative operation to minimize 
the amount of error accumulation. If the processor is not 
attempting to access memory during a scrubbing cycle, the 
processing throughput for that cycle is Increased over that of a 
system not implementing scrubbing. This is made possible 
because a non-scrubbing system forces the processor to wait 
after an error is detected, to allow the corrected data to be 
written back to memory. This occurs during a normal read 
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ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Provides complete timing control for 64K/256K memory 
systems which utilize the Am2968 Dynamic Memory 
Controller 

• Supports extended cycle timing needed for byte-write 
operations 


• Internal or external control of refresh 

• Burst (up to 512-cycle), distributed, or hidden refresh 

• Memory access/refresh request arbitration 

• 24-pin 0.3" space-saving package 


GENERAL DESCRIPTION 


The Am2970 is a high-performance Memory Timing Con¬ 
troller (MTC). The Am2970 is designed to be used in 
memory systems which use the Am2968 Dynamic Memory 
Controller (DMC). 

All of the control signals needed by the DMC are generated 
by the Am2970 MTC. 

The Am2970 uses a delay-line to provide maximum flexibili¬ 
ty to the memory system designer as well as allowing him to 


achieve maximum performance. The delay-line Is the timing 
reference from which the MTC generates the control 
signals. 

The Am2970 provides an internal refresh interval timer to 
generate refresh requests independent of the CPU. This 
guarantees proper refresh timing under all combinations of 
CPU and DMA requests. 


BLOCK DIAGRAM 
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RELATED PRODUCTS 


Part No. 

Description 

Am2968 

Dynamic Memory Controller 

Am2971 

Programmable Event Generator 
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Am2970 


PIN DESCRIPTION 


B/W BYTE/WORD, Input 

This input indicates a byte operation is to be 
performed whenJHIGH, and a word operation when 
LOW. When B/W is LOW, the Am2970 will provide 
an extended cycle so that a read-modify-write 
operation can be performed. 

CLK CLOCK, Input 

For systems requiring synchronous arbitration of 
memory access and refresh requests, this input 
would receive the system clock. For asynchronous 

_ arbitration, this Input must be tied HIGH. 

CS CHIP SELECT, Input 

When CS is LOW, the MTC is enabled. A memory 
read/write cycle can only be performed when CS 
is active, while refresh cycles occur independent of 
CS. When CS is HIGH, all memory requests 
(HIGH-to-LOW transition of CyCREQ) will be Inter¬ 
preted as refresh requests ("Hidden" refresh). 

CYCREd CYCLE REQUEST, Input 

When CS is LOW, this input will generate an 
Internal memory request for the Am2970 on the 
HIGH-to-LOW transition of CyCreQ. 

DTACK DATA TRANSFER ACKNOWLEDGE, Output 

The HIGH-to-LOW transition of DTACK informs the 
CPU that a write cycle has begun, or that data will 
be on the system bus at the correct time during a 
read cycle. 

FR FORCED REFRESH, Input 

This Input Is used to force a refresh cycle at user 
designated times. The falling edge of F^ latches 
an internal refresh request. If the memory is busy, 
the refresh is done at the completion of the current 
cycle. 

MCi MODE CONTROL, Output 

This output should be connected to the MCi input 
of the Am2970. MCq of the Am2970 should be tied 
LOW. When MCi is HIGH, the Am2970 will per¬ 
form a read/write cycle; when LOW, refresh will be 
done. 

OSC OSCILLATOR, Input 

This input signal is used to generate an internal 
refresh clock. It is this oscillator which initiates a 
refresh cycle If FR does not go active. The OSC 
signal may come from either external components 
(RC circuit) or a TTL clock source. 

RASI ROW ADDRESS STROBE INPUT, Output 

This output is connected to the RASI input of the 
Am2970 DMC. it is used to start a memory access 
for the DMC. The RASI output is also connected to 
the delay line to start the timing sequence. The 
rising edge of RASI initiates both actions. 

RMo,i REFRESH MODE, Input 

These inputs control the type of refresh cycle the 
Am2970 is supposed to initiate, as specified in 
Table A. 


R/W READ/WRITE, Input 

This Input indicates a memory read request when 
HIGH, and a write request when LOW. 

SUP SUPPRESS, Input 

When SUP is driven LOW, It will inhibit access to 
memory by disabling WE. It can be used to prevent 
illegal access in memory-access-protected sys¬ 
tems. 

Ti.8 timing taps. Input 

These inputs are the positive-edge triggered timing 
tap outputs from the timing reference (delay-line). 
They provide the necessary timing Information for 
the Am2970 to control memory cycles. Definition 
of the eight timing taps is given in Table B. 

Wi WRITE ENABLE, Output 

When We is LOW, it causes data to be written Into 
memory. WF is Inhibited if SUP is LOW. 


TABLE A. REFRESH MODE SELECT TABLE 


RMi 

RMq 

Refresh Mode 

0 

0 

Not Burst (Distributed) 

0 

1 

128-Cycle Burst 

1 

0 

256-Cycle Burst 

1 

1 

512-Cycle Burst 


TABLE B. TIMING TAP DEFINITION TABLE 


Tap 

# 

Function 

1 

Controls when DTACK will go active during 
read cycles. 

2 

Controls when DTACK will go active during 
read-modify-write cycles. 

3 

Identifies when data is available on the memory 
bus during write cycles. 

4 

Identifies when valid data is available on the 
memory bus during read-modify-write cycles. 

5 

Indicates that valid data is available from mem¬ 
ory during read cycles. 

6 

Identifies when a new memory cycle may begin 
after a read or write cycle has been performed. 

7 

Controls when RA§ outputs of DMC should go 
HIGH for read-modify-write cycles. 

8 

Identifies when a new memory cycle may begin 
after a read-modify-write cycle has been per¬ 
formed. 
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APPLICATION 

ARCHITECTURE 

The Am2970 MTC is designed to replace much of the MSI 
"glue" logic which is commonly necessary in controlling 
dynamic memory systems. It is responsible for controlling/ 
arbitrating memory access and refresh, and handshaking with 
the processor. The Am2970 also provides an extended (Read- 
Modify-Write) cycle which is needed for byte operations. 

ARBITRATION: SYNCHRONOUS vs 
ASYNCHRONOUS 

The Am2970 arbitrates between processor (read/write) and 
refresh requests for a memory cycle. If both the refresh and 
processor cycle are requested at the same time, the proces¬ 
sor request is serviced first, followed by the refresh request. A 
third type of access, memory initialization, is given priority over 
both processor and refresh requests. It is possible for the 
arbiter to be either synchronous with the system clock, or 
asynchronous. Synchronous arbitr ation requ ires that the in¬ 
puts requesting memory, FR, and CYCREQ be clocked into 
the Am2970 by using the CLK input. In this mode, CYCREQ 
and FR are examined on the negative edge of CLK. When 
CLK is not used (tied HIGH), the Am2970 detects Its absence 
and enters the asynchronous mode. In this mode, the first 
memory request to occur will be serviced, but not until after an 
internal delay to avoid metastable states. 

REFRESH OPERATIONS 

The Am2970 can support a variety of refresh schemes. The 
type of refresh Is controlled via the RMo,i inputs. Basic refresh 


types Include distributed, as well as 128-, 256-, or 512-cycle 
burst. 

The Internal refresh request is controlled by FR input, or the 
output of the internal oscillator as follows: 

• In the burst mode of operation, the FR input is always the 
refresh clock. 

• the FR input can also be used as the refresh clock in the 
distributed refresh (non-burst) mode. However, the internal 
oscillator takes over as the refresh clock if It goes through 
three cycles without a LOW level appearing on the FR 
input. This provision allows the primary refresh clock (FR) 
to be interrupted while It Is In the HIGH logic state, and for 
refresh operations to be resumed at the internal oscillator 
frequency. 

• it is also possible to use the on-chip oscillator as the 
refresh clock in distributed refresh mode. In this case, the 
FR Input should be tied HIGH. However, since the on-chip 
oscillator Is asynchronous to the external CLK input, it is 
necessary to provide a synchronous refresh clock via the 
FR input if synchronous arbitration Is desired. 

The Am2970 has the ability to increase memory bandwidth by 
inserting refresh requests when the processor is accessing 
other devices or performing I/O operations (CYCREd = LOW, 
C§ = HIGH). A hidden refresh can only be performed once 
every refresh clock period, and occurs only with distributed 
refreshing. When a hidden refresh Is performed, the Am2970 
will skip the next refresh request. Figure 1 shows the timing 
Involved to perform a hidden refresh cycle. 

Depending on the system configuration and operation. It Is 
possible for the DRAM to appear "static," providing that a 
hidden refresh can be performed every refresh clock period. 


Figure 1. Hidden Refresh Cycle 
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Am2971 

Programmable Event Generator (PEG) 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


• Twelve 32-bit programmable timing events, with regis¬ 
tered outputs 

• Resolution between events down to 10ns 

• Up to eight programmable starting addresses to pick 
first event occurrence 


• Programmable clock output (Fq) frequency -1 / 5 or 1 / 10 
of Internal 100MHz clock 

• Internal clock reference derived from either an external 
clock or crystal 

• 24-pin, 0.3" space saving package 


GENERAL DESCRIPTION 


The Am2971 is a high-performance Programmable Event 
Generator (PEG). The PEG is a digital replacement for an 
analog delay-line. It replaces several different delay-lines, 
because the resolution of the output signals Is user 
selectable. The high-speed timing outputs may be used to 
control the Am2960 series of Dynamic Memory Support 


circuits (Am2968 Dynamic Memory Controller, Am2969/70 
Dynamic Memoiy Timing Controllers), as well as being 
capable of generating up to 12 unique digital timing 
waveforms. The main advantage of the Am2971 is that all 
of the events are user programmable, versus the fixed, 
single event of a delay-line's outputs. 


BLOCK DIAGRAM 
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Am8163/Am8167 

Dynamic Memory Timing, Refresh and EDC Controllers 


DISTINCTIVE CHARACTERISTICS 


Com plete C PU to dynamic RAM control interface 
RAS/MSEL/CAS Sequencer to eliminate delay lines 
Complete EDC/data path controls for Word/Byte read 
or write 

Automatic write-back of corrected data and check bits 
when single errors are detected on any read cycle 


• EDC error flag latches for error logging under software 
control 

• Two timing configurations support a broad range of 
processors (Z80, 28000, 8086, 8088, MC68000) 


GENERAL DESCRIPTION 


The Am8163 and Am8167 are high speed bus interface 
controllers forming an integral part of the 8086 and 
AmZ8000* memory support chip set using dynamic MOS 
RAMs with Error Detection and Correction (EDC). The 
complete chip set Includes the Am8284A and AmZ8127 
Clock Generators, the Am2964B Dynamic Memory Control¬ 
ler, the Am2961/62 EDC Bus Buffers, the Am2960 EDC 
Unit and Am2965/66 RAM Drivers. 

The Am8163 and Am8167 pro vide all of th e co ntrol 
interface functions including RAS/Address-MUX/CAS tim¬ 
ing (without delay lines), refresh timing, memory request/ 


refresh arbitration and all EDC enables and controls. The 
enable controls are configured for both word and byte 
operations including the data controls for byte write with 
error correction. The Am8163/7 generates bus and operat¬ 
ing mode controls for the Am8160 EDC Unit. 

The Am8 163/ 7 uses the A mZ812 7 oscillator output to 
generate RAS/Address MUX/CAS timing. An internal re¬ 
fresh interval timer generates the memory refresh request 
independent of the CPU to guarantee the proper refresh 
timing under all combinations of CPU and DMA memory 
requests. 


BLOCK DIAGRAM 
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RELATED PRODUCTS 


Part No. 

Description 

Part No. 

Description 

Am296p 

16-Bit Error Detection and Correction Unit 

Am2964B 

Dynamic Memory Controller 

Am2968 

Dynamic Memory Controller 

Am2961/62 

Error Correction Bus Buffers 

Am2969/70 

Memory Timing Controllers 

Am2965/66 

Octal Dynamic Memory Drivers 

Am2971 

Memory Timing Controller 




*Z8000 is a trademark of Zilog. 
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CONNECTION DIAGRAM 
Top View 
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METALLIZATION AND PAD LAYOUT 


Am8163 


Am8167 
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■ 

< 34 AS 

- 33 AO 

- 32 
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- 30 QNO 


DIE SIZE 0.185" X 0.156 ' 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8163 

Am8167 


C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

'—Temperature (See Operating Range) 
C - Commercial (0®C to +70®C) 

M - Military (-SS^C to +125‘’C) 

'— Package 

D-40-pln CERDIP (D-40-1) 

X~ Dice 


Valid Combinations 

Am8163 

DC, DOB, DM, 
DMB 

XC, XM 

Am8167 

DC, DCB 

XC 


Device type 

Dynamic Memory Timing, Refresh, 
and EDC Controller 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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Am8163/Am8167 


PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

Bus Control | 

28 

CLK 

1 

Clock. The CLK input determines memory cycle timing via the internal state machine from which the control outputs 
are derived. It is normally 16MHz for the Am8163 and 22MHz for the Am8167. The clock can run at lower frequencies, 
but not higher, because of other memory timing constraints. 

14 

RCLK 

1 

Refresh Clock. This input determines the period of the internal refresh interval ^ 16 timer and is normally 1MHz. This 
results in a refresh cycle every 16 microseconds. This provides an internal refresh request to guarantee valid memory 
data independent of other system operating modes, (memory request, DMA, etc.). 

13 

FR 

1 

Force Refresh. FR is used to force a refresh cycle at user-designated times. One example is transparent refresh 
during I/O operatiotis. The refresh interval timer is reset so the next refresh occurs 16 RCLK cycles later if no other 

FR pulses occur. FR can be used to minimize collisions with memory requests, thereby reducing the amount of time 
the CPU waits for refresh. 

26 

XACR 

0 

Transfer Acknowledge (open collector). This active LOW output indicates that corrected data has been latched in the 
Am8160 EDC output latch (as opposed to indicating data is valid on the system bus). 

25 

AA^ 

0 

Advanced Acknowledge (open collector). This active LOW output indicates that a memory access has started. It can 
be used to run without wait states when the memory system timing is synchronous with the CPU clock. Multibus or 
asynchronous configuration should use XACK to control the CPU Ready input. 

11 

SUP 

1 

Suppress. This active LOW input inhibits access to the RAM in memory access protected systems. It must be valid 
before the HIGH-to-LOW transition of D5 to suppress a read cycle. It must rernain valid until after the cycle (RAS). 
This is required because SUP simply inhibits WE on a write and inhibits OEBH, OEBL, and OEBW on a read, without 
halting the internal state generator. 

12 

D§ 

1 

Data Strobe. This active LOW input is used during read cycles to generate OEBL, OEBH and OEBW. These signals 
control when data is enabled onto the system data bus. 

33 

AO 

1 

Address* Bit 0. AO data input is latched internally on the LOW-to-HIGH transition of A§. It is used during byte 
operations to designate whether high byte or low byte data is being accessed. 

AO = LOW for high byte operations and AO = HIGH for low byte operations with the AmZ8000 Family CPU's. AO 
phasing is opposite for 8086 and inversion can be avoided by interchanging the roles of UEL and OEH (and 6EBL and 
OEBH). 

34 

A§ 

1 

Address Strobe. The AS input is used to control the AO latch. When HIGH, AO data is latched. For non-multiplexed 
buses, the AS input is tied LOW to make the latch transparent. 

15 

B/W 

1 

Byte/Word. This input designates a byte operation if HIGH and a word operation if LOW. It must be valid throughout 
the memory transaction. The Am8163/7 uses this input to determine OEH and 6EL. 

16 

R/W 

1 

Read/Write. This input indicates a read operation when HIGH and a write operation when LOW. It must be valid 
throughout the memory transaction. The Am8163/7 uses this input to determine the outputs OEH, OEL, OEBH, OEBL, 
and OEBW. 

32 

M/iO 

1 

Memory/Input-Output. This signal serves as an active HIGH chip select for memory operations. It is used in 
conjunction with CS to determine If $TR is valid. It must be HIGH before the LOW-to-HIGH transition of STR if the §Tr 
input command is a pulse (AmZ8000). When using a level input (multibus) to start the cycle, M/IO must become valid 
no later than one clock period after the HIGH-to-LOW transition of STR. 

31 

US 

1 

Chip Select. This active LOW input is one of the enables for the Am8163/7. It must be LOW before the LOW-to-HIGH 
transition of STR when using a pulse to start a memory access. When using a level input to start the cycle, US must 
become valid no later than one clock period after the HIGH-to-LOW transition of STR. 

27 

§TR 

1 

Start. This active LOW input can be a pulse or a level. It is used to indicate when memory access is requested, It must 
not extend past the LOW-to-HIGH transition of DS. 

Address Control | 

35 

LE 

0 

Latch Enable. This output controls the LATCH ENABLE input of the Dynamic Memory Controller. When_L£ is HIGH, 
the DMC address input latch is transparent. When LE is LOW, the address is latched. This signal is AS inverted. 

36 

rfSh 

0 

Refresh, This active LOW output indicates a refresh operation is to be done. The Dynamic Memory Controller uses 
this signal to select the refresh address output. 

37 

RAS 

0 

Row Address Strobe. This active LOW output strobes the row address into memory. The RAS HIGH-to-LOW transition 
occurs during tq if STR, M/lUi and CS have selected a memory cycle. Additionally, RAS will be active one t-state after 
the RFSH HIGH-to-LOW transition occurs during refresh. The RAS LOW-to-HIGH transition at the end of each cycle 
starts an internally timed RAS precharge time consisting of three t-states. 

39 

MSEL 

0 

Multiplexer Select. This output controls the row and column address selection in the DMC. When MSEL is HIGH, the 
row address is selected and when LOW, the column address is selected. MSEL is normally HIGH and goes LOW only 
during memory accesses. 

38 

caS 

0 

Column Address Strobe. This active LOW output strobes the column address into memory, it is generated only during 
memory accesses. 

Error Logging and Control | 

19 

ERR 

1 

Error. This active LOW signal from the Am8160 EDC indicates when an error has occurred. The Am8163 samples this 
input just before the HIGH-to-LOW transition of LEO. Single errors cause an automatic write-back of corrected data. 

20 

MERR 

1 

Multiple Error. This active LOW signal from the EDC indicates when a multiple error has occurred. Write back to 
memory is inhibited if a MULTIPLE ERROR occurs on a read cycle. 

18 

LERR 

0 

Latched Error. This active HIGH output is set HIGH as a result of the ERR input becoming active. LERR HIGH 
indicates an error has occurred. LERR is normally used to control error logging. It is reset when ERRACK goes LOW. 

22 

LMERR 

0 

Latched Multiple Error. This active HIGH output is set HIGH as a result of the MERR input. When HIGH, it indicates a 
multiple error has occurred. It Is reset when ERRACK goes low. 

17 

INTERR 

o 

Interrupt Error (open collector). This active LOW output is used to interrupt the CPU when an error occurs. This can be 
used for diagnostics or error logging. INTERR has high output drive capability in order to drive system buses. 
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Pin No. 

1 Name 

I/O 

1 Description 

Error Logging and Control (Cont.) 

23 

INTMERR 

O 

Interrupt Multiple Error (open collector). This active LOW output is used to interrupt the CPU when a multiple error 
occurs. This can be used for diagnostics or error logging. INTMERR has high output drive capability in order to drive 
system buses. 

24 


1 


21 

ERRACK 

1 

Error Acknowledge. This active LOW Input resets the error logging flags, LERR and LMERR. It is only effective when 
INTACK has previously cleared the interrupt flags, INTERR and INTMERR. 


EDC Control 


5 

LEB 

0 

Latch Enable Bus. LEB is used to latch corrected data in the external Am8161/2 EDC Data Bus Buffers. By latching 
data output to the system data bus, the CPU can be operated in a single-step mode. The data latch is required to 
capture data so the memory can be released for refresh immediately after a read (or write) cycle. 

1 

LEO 

0 

Latch Enable Output. LEO is used to latch corrected data in the Am8160 EDC data output latch. Correct data is then 
available to regenerate correct check bits for the write portion of the read-modify-write cycle, LEO can also control 
LEY of the Am8161/2 EDC Data Bus Buffers (the input latch from the system data bus). This is required in systems . 
where the CPU removes data from the system data bus before the Am8163/7 has completed a write cycle. 

2 

LEI 

0 

Latch Enable Input. LEI is used to control the Am8160 EDC's input latch. It is normally LOW when a memory cycle is 
not in progress. This prevents transitions on the bus from toggling the EDC logic, thereby reducing power dissipation 
and system noise. LEI latches the input data so the EDC data bus (Y bus) can be TURNED AROUND WHILE the EDC 
is correcting the data. Cycle time is reduced by doing these functions in parallel. 

6 

s 

0 

Select. This output controls the multiplexer that selects EDC input data. It is normally HIGH to select data from the 
system bus. When LOW, it selects data from memory. Since all cycles are a read-modify-writes, S switches every 
cycle. All memory operations take the same number of internal t-states. There is no difference in the length of a cycle 
on read or write, error or no error. 

8 

Qebh 

0 

Output Enable Bus High. OEBH output enables the high byte data onto the systern data bus during byte read 
operations. It is used when interfacing to 8-bit data buses or the Multibus.* 

7 

5^ 

0 

Output Enable Bus Low. OEBL output enables the low byte of data onto the system data bus during Byte Read 
operations. It is used when interfacing to 8-bit data buses or the Multibus. 

9 

Sebw 

0 

Output Enable Bus_Word. OEBW output enables data onto the system data bus. It occurs on every read cycle 
independent of B/W. It is used for 16-bit systems or Multibus systems. 

4 

Deh 

O 

Output Enable High. OfeH controls the high byte of the EDC data bus (Y bus). When OEH is HIGH, the Am2961 /62 are 
driving the bus. When OEH is LOW, the Am8160 EDC is driving the bus. OEH is HIGH during word writes and goes low 
on reads and byte writes. 

CO 

siE I 

0 

Output Enable Low. OEL controls the low byte of the EDC data bus (Y bus). When HIGH, the Am2961 /62's are driving 
the bus. When LOW, the Am2960 is driving the bus. OEL is HIGH during word writes and goes LOW on reads and byte 
writes. 

Other Controls 

40 

WE 

. 

O 

Write Enable. WE controls the memory during a write operation. It is generated during a byte or word write and also 
during a read if a single error has occurred. WE always occurs at the end of the memory cycle. Thus, the RAM is 
always doing a late write. 

29 


I 

Memory Cycle Extend. This input is normally not used and is pulled up internally to produce ''normal” timing. When 
tied LOW it extends the memory cycle (adds 512 states for Am8163 and adds 4 ta states for Am8167). This allows use 
of slower RAMs. Note that MCE affects the refresh cycle as well as the normal cycle. By adding external logic, the 
user may extend the cycle by 1, 2 or 3 testates instead. This is done by keeping MCE low until 2, 3, or 4 clocks after 
MS for the 8163 or 2, 3, or 4 clocks after CAS for the 8167. 

‘Multibus is 

a registered trademark of Intel Corporation. 


FUNCTION TABLES 

Am8163/8167 
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OEH and OEL are enabled by 
appropriate sequencer "T" states. 
(See Timing Diagram) 
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Am8163/67 DETAILED DESCRIPTION 

The Am8163/67 provides timing and control for Error Detec¬ 
tion and Correction (EDC) using dynamic Random Access 
Memories (RAM) together with the Am2960 family of EDC 
devices. See Table 1 to determine which device (Am8163/67) 
is best suited to which processor. 

The Am2960 family provides an optimized, but also flexible 
solution to the interface between MOS microprocessors and 
dynamic MOS RAMs. 

The Am2960 performs the function of error detection and 
correction, using a modification of the well-known Hamming 
Code algorithm. 


The Am2961 and Am2962 are bus buffers optimized for 
operation with the Am2960. 

TABLE 1. 


Processor 

Am8l63 

Am8167 

Z80A 

X 


Z80B 

X 


Z8000 - 4MHz 

X 


- 6MHz 


X 

- 8MHz 

X 

X 

8086 - 5MHz 

X 


- 10MHz 


X 

8088 - 5MHz 

X 


- 10MHz 


X 

68000 - 4MHz 

X 


- 6MHz 


X 

- 8MHz 

X 

X 

- 10MHz 

X 

X 

- 12MHz 

X 

X 


Note: Where X's appear in both columns, either 
device may be used. 


The Am2964B performs address latching and multiplexing for 
the RAS/CAS sequence. It also contains a refresh counter 
that can be multiplexed onto the address outputs. 

The Am2965 and Am2966 are octal memory address bus 
drivers, similar and pin-compatible to the popular 74LS240 
and 74LS244, but with on-chip resistors that reduce the 
problem of undershoot on unterminated address lines. 

None of the above-mentioned circuits contain timing ele¬ 
ments. To achieve the greatest versatility, this function Is 
concentrated in the Am8163. 

The Am8163/67 performs two independent functions: 

1. It provides timing and control to the Am2964B Dynamic 
Memory Controller, i.e., the RAS/CAS Refresh address 
multiplexer. 

2. It provides timing and control for the 2960, 2961, or 2962 
EDC circuits and interfaces with the microprocessor's 
interrupt lines and WAIT Input. 

RAS/CAS and Refresh 

The Am8163/67 accepts several control signals from the 
microprocessor (BYTE/WORD, READ/WRITE, Address 
Strobe, Data Strobe, Memory/10) and a Refresh clock signal 
from the clock generator. 

From these inputs, the Am8163/67 generates control signals 
for the 2964B RAS/CAS and Refresh multiplexer. 

The LE output, when HIGH, makes the 2964B input latches 
transparent. The HIGH-to-LOW transition of LE latches ad¬ 
dress information into the 2964B. 

The R AS o utput is activated when the appropriate combina¬ 
tion of STR, M/IO, and CS occur or when a refresh operation 
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is to be performed. MSEL goes LOW One clock period after 
RAS goes LOW. 

CAS goes LOW a shor t specified delay after MSEL goes LOW. 
RAS, MSEL and CA$ go HIGH together, eight clock periods 
after RAS goes LOW. The RAS/CAS timing is thus derived 
from a high frequency (I 6 MH 2 clock) without any monostables 
or delay lines. 

The Am8163 and Am8167 are comparable except for the CAS 
timing sequence. 

The Am8163 timing is optimized for operation with a 4MHz 
micro processor clock, derived from a 16MHz oscillator. The 
RA^ to MS delay Is one oscillator period (62ns) and the MS to 
CA§ delay is combinatorial, 16ns minimum. 

The Am8167 timing Is optimized for operation with a 5.5MHz 
micro processor clock, derived from a 22MHz oscillator. The 
RAS to MS delay Is one oscillator period (47ns) and the MS to 
CAS delay is also one oscillator period (47ns). 

Dynamic Memory Refresh 

The proper sequencing of refresh operations can be per¬ 
formed either by the CPU (transparent refresh) or by the 
memory controller (stand-alone refresh). 

Transparent refresh, as implemented in the Z80 and Z8000 
microprocessors Is simple and avoids all memory contention, 
but It wastes processor time and is not fully compatible with 
DMA operation. 

"Stand-alone" refresh puts the responsibility of refresh ad¬ 
dress generation and timing on the memory controller. The 
Am8163/67 performs the necessary timing and access arbi¬ 
tration. The Internal refresh Interval timer generates a refresh 
request after every 16 clock pulses on the RCLK refresh clock 
input (typically 1 MHz). When FR (force refresh) goes LOW, the 
-r counter is cleared and the internal refresh request is 
generated. 

Refresh requests and memory requests are synchronized 
Inside the Am8163/67 where the arbiter circuit resolves 
potential conflicts. If a refresh request occurs after a memory 
request or during a memory operation, this refresh request will 
be honored after the memory transaction Is complete and the 
necessary additional precharge time has elapsed. 

Similarly, If a memory request occurs after a refresh request or 
during a refresh operation, this memory request will not be 
acknowledged until the refresh operation is completed and the 
necessary precharge time has elapsed. When memory and 
refresh requests occur simultaneously, the arbiter favors the 
memory request. 

Error Detection/Correction 

The other function of the Am8163/67 Is timing and control for 
Error Detection and Correction using the 2960, 2961 or 2962 
circuits. 

The Am8163/67 drives the ECC Control Bus and receives 
ERROR or MULTIPLE ERROR inputs from the 2960 Error 
Detection and Correction Unit. The Am8163/67 also inter¬ 
faces with the microcomputer Interrupt structure and with the 
error-logging circuitry. 

The 2960 can support two methods of error correction: 
"Correct Only On Error" and "Correct Always". 

"Correct Only On Error" relies on the fact that error detection 
is faster than correction. Data read from the memory is fed 
directly to the processor. A read error will insert a wait state 
while the error is being corrected and data is also being written 
back into the memory. At reasonably low error rates, this 


scheme achieves the highest possible throughput, but it is 
incompatible with all present microprocessors, since they 
sample their WAIT input too early in the cycle. 

The Am8163/67 implements the other scheme— "Correct 
Always"—which is compatible with ail modern microproces¬ 
sors. 

This scheme allocates time to insure that corrected data is 
sent to the CPU. Additionally, the Am8163/67 allows time 
after each memory read operation, to write the corrected 
result back Into the memory. This write operation, however, is 
executed only If there was a single error; there is no need to 
write correct data back, and it is undesirable to write the wrong 
result of a double error. 

the Am8163/67 also provides the proper control signals to 
allow byte write operation in 16-blt memory systems with Error 
Correction. The Am8163/67 automatically first performs a 
word read operation, retains the corrected unused byte in the 
2960, and then writes the composite word and c heck bits into 
the memory. Outputs LEO, LEI, OtH, OEL and S are 
responsible for this. 

SEL is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 0 
(even address) 

OEH is pulsed LOW during every read operation (byte or 
word) and during a byte write operation with AO = 1 
(odd address) 

OEBW is pulsed LOW during every read operation 
OEBL is pulsed LOW during every read operation with 
AO = 1 (odd address) 

6EBH Is pulsed LOW during every read operation with 
AO = 0 (even address) 

Note: The OE and O^B outputs Interpret AO in opposite ways. 
This is consistent with 2960/61 operation. 


R/ 

W 

B/ 

W 

AO 

OEH 

OEL 

OEBW OEBH 

OEBL 

L 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 


OEBW, OEBH, and ^BL can b e act ive 
(LOW) only if: D§ = CS = L AND SUP = H 


Note that 16-bit memory with EDC must always be Initialized 
with word write operations in order to allow a later byte write 
operation. (An uninitialized memory would most likely read 
multiple errors and would then not allow byte write operation.) 

Error Interrupt Control 

The Am8163/67 clocks In the ERROR and MULTIPLE ER- 
ROR signals coming from the 2960 and stores them In both 
the Interrupt Logic and in the Error Control Logic. 

Interrupt Acknowledge clears both INTERR and INTMERR. 
The latter must therefore always be the higher priority inter¬ 
rupt. 

The Error Logic Control circuit latches up the two bits in the 
Error Interrupt C ontrol circ uit. The LERR and LMERR outputs 
are cleared by ERRACK, provided that the interrupts have 
been cleared first. These signals are normally used to control 
updating of the syndrome latch or other diagnostic circuitry. 
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Am8163/67 APPLICATION WITH Am8086 CPU 
AND Am8127 CLOCK GENERATOR 



BD001351 




I 


Am8163/67 APPLICATION WITH 
MC68000 

<00 100 100 100 100 100 100 100 100 

j* I* J J I I j I I 



*Timing refers to 10MHz MC68000. 

Note 1: M/iO may be tied HIGH or connected to an address pin. It may also be connected to an I/O port. 
The main consideration is not to start the 8163/67 when communicating with the 2960 Diagnostic 
Latch. 
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Am8163/67 APPLICATION WITH MULTIBUS* 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature..-65°C to+150°C Commercial (C) Devices 

Ambient Temperature Under Bias .- 55®C to +125X Temperature. .!.. 0®C to + 70^0 

Supply Voltage to Ground Potential Supply Voltage... .+ 4.75V to + 5.25V 

Continuous.-0.5V to + 7.0V 

o®? o«,. w u Temperature. ....-55»C to+125»C 

High W State. .-0.5V to Vcc Supply Voltage..+ 4 . 5 V to +5.5V 

nn . ° on' a Operating ranges define those limits over which the function- 

DC Output Current, Into Outputs.30mA 

l iiTS X of the device is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

(Group A, Subgroups 1, 2 and 3) 

Parameters 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 



VOH 

. 

Output HIGH Voltage 

Vcc “MIN 

V|N = V(h or V|L 

Output(8): 

All except open collectors 

MIL, loH“-1-0mA 

2.4 



Volts 

COM'L, loH“- 2.6mA 

2.4 



VoL 

Output LOW Voltage 

Vcc “ min 

V|N = V|H0rV|L 

Output(8): 

LERR, LMERR 

Iql “ SmA 



0.50 

Volts 

Ca§, RaS, OEBH, 

•OL “ 12mA 



0.50 

OBH, OEL, OEBW, RF§H 

Iql “12 mA 



0.50 

LEO, LEI, WE 

Iql “ 12mA 



0.50 

LEB, LE. S. MSEL 

Iql “ 12mA 



0.50 

imiWERR, INTERR 

Iql “ 16mA 



0.50 

xaCk, Aack 

Iql “ 32mA 



0.50 

V,H 

Guaranteed Input 
Logical HIGH Voltage 


Input(s): Ail 


2.0 



Volts 

V|L 

Guaranteed Input 
Logical LOW Voltage 


lnput(8): Ait 

MIL 



0.7 

Volts 

COM’L 



0.8 

V, 

Input Clamp Voltage 

Vcc “ min 

lnput(8): Ail 

•in = -18mA 



-1.5 

Volts 

IlL 

Input LOW Current 

Vcc “ max 

V|N = 0.5V 

Input(s): 

AO. M/IO, RCLK, B/W, R/W 
A§, INTACK 

MIL 



-0.42 

mA 

COM'L 



-0.40 


MIL 



-0.82 

mA 

FR, SUP, ERRACK, MCE 

COM’L 



-0.8 

CLK, D§, ERR 

MIL 



-2.1 

mA 

COM’L 



-2.0 

MERR 

MIL 



-2.6 

mA 

COM’L 



-2.4 

l|H 

Input HIGH Current 

Vcc “ max 

V|n»2.7V 

lnput(8): 

MERR 

MIL 



100 

pA 

COM’L 



70 

CLK, C§, DS, ERR 

MIL 



70 

juA 

COM’L 



50 

FR, SDP, ERRAtK 




40 

juA 

M/|5, AO. RCLK, B/W, R/W 




20 

A§, §TR, INTACK 




20 

h 

Input HIGH Current 

Vcc “MAX 

V|N = 5.5V 

lnput(8): 

CLK, D§, ERR, MERR 




1.0 

mA 

Sup, FR 

.:. . 1 



1.0 

Vcc “ max 

V|n = 7.0V 

M/i5. AO, RCLK. B/W, R/W ! 
INTACK, A§, §TR 




0.10 





0.20 

erraCk 

•oh 

Output HIGH Current 

Vcc “ min 

VoH = 5.5V 

0utput(8): 




100 

iwA 

INTMERR, INTERR 

XACK, AA5K 




150 

. . ^ 1 
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SWITCHING TESt CIRCUIT 

INTERR,INT MERR OTHER OUTPUTS 

|Vcc 

|Vcc 

e330ft ._M_1 

XACT,i 

< 

TC 

fVACK 

Vcc 

1 1®00 

= ISOpF 

000660 

TCO 

SWITCHING CH 

Cl . 
SOpF-l 

:50pF ^ 

00640 ^ 

ARACTERISTICS (Ta = 

1 

TC000650 

+ 25®C, Vcc^S.OV) 

Parameters 

Description 

Min 




1 

ts 

M/iSt or to CLK Setup Time 

0 

-4 


ns 

2 

tH 

M/iSi or C§T to Ra5t Hold Time 

0 

-10 


ns 

3 

ts 

pRi to CLK Setup Time 

5 

2 


ns 

4 

tpWL 





ns 

5 

tpLH 



12 

18 

ns 

6 

tPHL 



12 

18 

ns 

7 

ts 

AO to A §1 Setup Time 

1 

0 


ns 

8 

tH 

AO to A5 t Hold Time 

9 

5 


ns 

9 

tpWL 

A§, STR low Pulse Width 

20 

9 


ns 

10 

ts 

M/iOt or to STRt Setup Time 

2 

0 


ns 

11 

ts 


-tp 



ns 

12 

ts 


10 

6 


ns 

13 

tpHL 

CLK to RASi Propagation Delay 


36 

41 

ns 

14 

tpLH 

CLK to RASt Propagation Delay 


26 

34 

ns 

15 

tPHL 

CLK to MSELi Propagation Delay 


17 

22 

ns 

16 

tPLH 

CLK to MSeLt Propagation Delay 


21 

26 

ns 

17a 

ISSHi 

MSELi to CASi Propagation Delay - 8163 

18 

23 


ns 

17b 

■SOU 

CLK to CA$i Propagation Delay - 8167 


17 

22 

ns 

18a 

MM 

CLK to CA6 t Propagation Delay - 8163 


34 

43 

ns 

18b 

Msum 

CLK to CASt Propagation Delay - 8167 


21 

26 

ns 

19 

tPLH 

STRi to AACKt Propagation Delay 

. . . 

30 

35 

ns 

20 

tpHL 

CLK to AACKi Propagation Delay 


33 

41 

ns 

21 

tPHL 

CLK to WEi Propagation Delay 


17 

22 

ns 

22 

tPLH 

CLK to WEt Propagation Delay 


20 

26 

ns 

23 

tpHL 

CLK to Si Propagation Delay 


16 

22 

ns 

24a 

tPLH 

LEU to St Propagation Delay - 8163 

1.0 

3.0 


ns 

24b 

tpLH 

CLK to St Propagation Delay - 8167 


21 

26 

ns 

25 

tPLH 

CLK to LEIt Propagation Delay 


20 

26 

ns 

26 

tpHL 

CLK to LEU Propagation Delay 


17 

22 

ns 

27 


LEOl to LEIt Propagation Delay 

15 

20 


ns 

28a 


LEU to CfeHi, 6 ELi Propagation Delay - 8163 

HESH 

7.0 


ns 



CLK to OiHi, dELi Propagation Delay - 8167 


24 

30 

ns 

29 


CLK to OIHt, QILt Propagation Delay 


24 

30 

ns 

30 

ts 

R/W, B/W to 05i Setup Time 

0 

-1.5 


ns 

31 

tH 

R/W, B/W to Wet Hold Time 

0 

-10 


ns 

32 


CLK to LEOl Propagation Delay 


15 

21 

ns 

33 

tpLH 

CLK to LEOt Propagation Delay 


21 

26 

ns 

34 

tPLH 

CLK to LEBt Propagation Delay 


21 

26 

ns 


tPHL 

CLK to LEBi Propagation Delay 


24 

30 

ns 

36 

tPHL 

CLK to XACKt Propagation Delay 


29 

36 

ns 

37 

tPLH 

DSt to XACKt Propagation Delay 


24 

30 

ns 

38 

tPHU 

DSi to bEBLi, OEBHi, 0 £BWi Propagation Delay 


13 

18 

ns 

___- . ...■... .. ..... .... 
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Parameters 


39 


Description 




52b tpwL 


ERR, MERR to LEOl Hold Time 


LEOi to INjTERRi, INTMERRi Propagation Delay 


iNTACKi to INTERRt, INtMtRRi Propagation Delay 


LEOi to LERRi, LMERRt Propagation Delay 


i to LERRi, LMERRi Propagation Delay 
INTACK LOW Pulse Width ~ 

ERRaCK low Pulse Width _ 

SUPi to D§i Setup Time 


WEt to SUPt Hold Time 


CLK to RFSRi Propagation Delay 


RFSR LOW Pulse Width (K^ » HIGH) - 8163 


RF5H LOW Pulse Width - HIGH) - 8167 

RA5 LOW Pulse Width During Refresh 
(K^ = HIGH) - 8163 


RAS LOW Pulse Width During Refresh 
» HIGH) - 8167 



13 

18 



4 


19 

24 

23 

30 

30 

39 

9 

14 


CLK Frequency - 8163 


CLK Frequency - 8167 
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Switching Characteristics (Cent.) 






SWITCHING CHARACTERISTICS over operating range unless otherwise specified 









Parameters 

Description 





Units 

1 

ts 

M/iSt or SSi to CLK Setup Time 

5 


5 


ns 

2 

tH 

M/lSi or C§T to RA§r Hold Time 

5 


5 


ns 

3 

ts 

FRi to CLK Setup Time 

9 


9 


ns 

4 

tpWL 

FR LOW Pulse Width 



tp + 10 


ns 

6 


ASi to let Propagation Delay 


22 


22 

ns 

6 


ASt to LEi Propagation Delay 


22 


22 

ns 

7 

ts 

AO to aSt Setup Time 

1.5 


1.5 


ns 

8 

tH 

AO to A§t Hold Time 

10 


10 


ns 

9 

tpWL 

AS. STR low Pulse Width 

20 


20 


ns 

10 

ts 

M/iSt or CSi to STRt Setup Time 

5 


5 


ns 

11 

ts 

CSi to §TRi Setup Time 

-tp 


-tp 


ns 

12 

ts 

STRi to CLK Setup Time 

10 


12 


ns 

13 

tPHL 

CLK to RASi Propagation Delay 


45 


45 

ns 

14 

ISBH 

CLK to RASt Propagation Delay 


40 


40 

ns 

15 

BSfHH 

CLK to MSELi Propagation Delay 


25 


25 

ns 

16 

tpLH 

CLK to MS^Lt Propagation Delay 


30 


30 

ns 

17a 

tpHL 

MSELi to CASi Propagation Delay - 8163 / 

16 


16 


ns 

17b 

tpHL 

CLK to CASi Propagation Delay - 8167 


25 


25 

ns 

18a 

tpLH 

CLK to CaSt Propagation Delay - 8163 


50 


50 

ns 

18b 

tPLH 

CLK to CaSt Propagation Delay - 8167 


30 


30 

ns 

19 

lEBSH 

STRi to AACKt Propagation Delay 




40 

ns 

20 

■SEBII 

CLK to AACKi Propagation Delay 


46 


46 

ns 

21 

tPHL 

CLK to WEi Propagation Delay 


25 


25 

ns 

22 

tpLH 

CLK to WEt Propagation Delay 


30 


30 

ns 

23 

tpHL 

CLK to Si Propagation Delay 


r-lF- 


25 

ns 

24a 

tpLH 

LEIi to St Propagation Delay - 8163 

0 


0 


ns 

24b 


CLK to St Propagation Delay - 8167 


30 


30 

ns 

25 


CLK to LEIt Propagation Delay 


30 


30 

ns 

26 


CLK to LEIi Propagation Delay 


25 


25 

ns 

27 

tPLH 

LEOi to LEIt Propagation Delay 

10 


10 


ns 

28a 


LEIi to bSHi, OELi Propagation Delay - 8163 

4.0 


4.0 


ns 

28b 

tPHL 

CLK to 5EHi, SECi - 8167 


35 


35 

ns 

29 

tpLH 

CLK to OSHt, OELt Propagation Delay 


35 


35 

ns 

30 

ts 

R/W, B/W to DSi Setup Time 



1.0 


ns 

31 

tH 

R/W, B/W to WEt Hold Time 

0 


0 


ns 

32 


CLK to LEOi Propagation Delay 


25 


25 

ns 

33 


CLK to LEOt Propagation Delay 


30 


30 

ns 

34 


CLK to LEBt Propagation Delay 


30 


30 

ns 

35 


CLK to LEBi Propagation Delay 


35 


35 

ns 

36 


CLK to XACKt Propagation Delay 


40 


41 

ns 

37 


DSt to XACKt Propagation Delay 


35 


35 

ns 

38 


DSi to OEiLi, SEBRi, SEBWi 

Propagation Delay 


22 


22 

ns 



DSt to Seblt, SSSh t, Oebwt 

Propagation Delay 


22 



ns 

40 

ts 

ERR, MERR to LEOi Setup Time 

2.0 


3.0 


ns 

41 

tH 


8.0 


8.0 


ns 

42 

tpHL 

LEOi to INTERRi, INTMERRi 

Propagation Delay 


28 




43 

tpLH 

INTACKi to INTERRt, INTMERRt 

Propagation Delay 


38 


38 

ns 

44 

tPLH 

LEOi to LERRt, LMERRt 

Propagation Delay 


46 


46 

ns 

45 

tpHL 

ERRACKi to LERRi, LMERRi 

Propagation Delay 


20 


20 

ns 

1.-.-... -.. -.-.. __________ ■. 
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MILITARY 



Description 


INTACK LOW Pulse Width 
ERRACK LOW Pulse Width 
SUPi to DSi Setup Time 
WEt to SUPt Hold Time 
CLK to RFSHi Propagation Delay 

RFSH LOW Pulse Width 
(MCE = HIGH) - 8163 

R^ LOW Pulse Width 

(MCE = HIGH) - 8167 _ 

RAS LOW Pulse Width During Refresh 
(MCE = HIGH) - 8163 


RAS LOW Pulse Width During Refresh 
(K^ = HIGH) - 8167 _ 

RF§H LOW Pulse Width 
(K^ = LOW) - 8163 

RFSH low Pulse Width 
(N^ = LOW) - 8167 

RA6 low Pulse Width During Refresh 
(f^ = LOW) - 8163 _ 

RAS LOW Pulse Width During Refresh 
(MCE = LOW) - 8167 _ 

CLK Frequency - 8163 
CLK Frequency - 8167 
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BIT-SLICE PROCESSORS 
MICROCODE SEQUENCERS 
LSI PERIPHERALS 


Am2900 
PROCESSORS 
AND PERIPHERALS 




rUNCTIONAt INDEX 


Am2900 SYSTEMS^imWs'^* 
TRAINING IRATEINAIJ 


ANO^^Hwla 


32-BIT ARITHMETIC LOGIC UNIT 
MICRO INTERRUPTIBLE SEQUENC 


Aln29300 32-BIT 
HIGH PERFORMANCE 






LSI PERIPHERALS 


FAMILY 


HIGH PERFORMANCE SCHOTT 
LOW-POWER SCHOTTKY LOGK 
8x8 PARAUEL MULTIPLIERS 


lIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
lATA COMMUNICATIONS INTERFACE 


TESTING^QU^TY A^OwTnc”^ 
WFORMATIolf'oN^UL^ARY^ 


INFORMATI 






















Am2900 

Processors and Peripherals Family 

Index 

Am2901B/Am2901C Four-Bit Bipolar Microprocessor Slice..,... .5-1 

Am2902A High-Speed Look-Ahead Carry Generator. 5-19 

Am2903A Four-Bit Bipolar Microprocessor Slice.5-25 

Am2904 Status and Shift Control Unit..... 5-48 

Ann2905 Quad Two-Input OC Bus Transceiver 

with Three-State Receiver.5-65 

Am2906 Quad Two-Input OC Transceiver with Parity.5-73 

Am2907/Ann2908 Quad Bus Transceivers with Interface Logic....5-81 

Am2909A/2911A Microprogram Sequencers. 5-93 

Am2912 Quad Bus Transceiver.... 5-109 

Am2913 Priority Interrupt Expander. 5-115 

Am2914 Vectored Priority Interrupt Controller. 5-122 

Am2915A Quad Three-State Bus Transceiver with Interface Logic.5-131 
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Am2901B/Am2901C 

Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


Two-address architecture - 

Independent simultaneous access to two working regis¬ 
ters saves machine cycles. 

Eight-function ALU - 

Performs addition, two subtraction operations, and five 
logic functions on two source operands. 

Expandable - 

Connect any number of Am2901s together for longer 
word lengths. 


• Left/right shift independent of ALU - 

Add and shift operations take only one cycle. 

• Four status flags - 

Carry, overflow, zero, and negative. 

• Flexible data source selection - 

ALU data is selected from five source ports for a total of 
203 source operand pairs for every ALU function. 


GENERAL DESCRIPTION 


The Am2901 industry standard four-bit microprocessor 
slice is a high-speed cascadable ALU intended for use in 
CPUs, peripheral controllers, and programmable micropro¬ 
cessors. The microinstruction flexibility of the Am2901 
permits efficient emulation of almost any digital computing 
machine. 

The device, as shown in the block diagram below, consists 
of a 16-word by 4-bit two-port RAM, a high-speed ALU, and 
the associated shifting, decoding and multiplexing circuitry. 
The nine-bit microinstruction word is organized into three 


groups of three bits each and selects the ALU source 
operands, the ALU function, and the ALU destination 
register. The microprocessor is cascadable with full look 
ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. AMD's 
ion-implanted micro-oxide (IMOX) processing is used to 
fabricate the 40-lead LSI chip. 

The Am2901C is a plug-in replacement for the Am2901B, 
but is 33% faster than the Am2901B. 


MICROPROCESSOR SLICE BLOCK DIAGRAM 



BD002120 


IMOX is a trademark of Advanced Micro Devices. 
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Am2901B/Am2901C 


RELATED PRODUCTS 


Part No. 

Description 

Am2902 

Carry Look-Ahead Generator 


Status and Shift Control Unit 

Am2910 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt Controller 

Am2917 

Bus Transceiver 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2926 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am27S35 

Registered PROM 


For applications information see Chapters III and IV of 
Bit Slice Microprocessor Design, 
by Mick and Brick, McGraw Hill Publishers. 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2901B 

Am2901C 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0®C to + 70®C) 

M - Military (-SSX to +125*C) 

Package 

D-40-pin CERDIP 
F - 42-pin flatpak 
L - 44-pin leadiess chip carrier 
P - 40-pin plastic DIP 
X - Dice 


Valid Combinations 

Am2901B 

PC 

DC, DCB, DMB 
FMB 

XC, XM 

Am2901C 

PC 

DC, DCB, DMB 
FMB 

LC. LMB 

XC, XM 


Device type 

Four-Bit Microprocessor Slice 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am2901B/Am2901C 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4, 3, 2, 1 

Ao-3 

1 

The four address inputs to the register stack used to select one register whose contents are displayed through the A- 
port. 

17, 18 

19, 20 

Bo-3 

1 

The four address inputs to the register stack used to select one register whose contents are displayed through the B- 
port and into which new data can be written when the clock goes LOW. 


l 0-8 

1 

The nine instruction control lines. Used to determine what data sources will be applied to the ALU (I 012 ). what function 
the ALU will perform (I 345 ), and what data is to be deposited in the Q-register or the register stack (leys)- 

16 

Q 3 

RAM 3 

I/O 

A shift line at the MSB of the Q register (Q 3 ) and the register stack (RAM 3 ). Electrically these lines are three-state 
outputs connected to TTL inputs internal to the device. When the destination code on leye indicates an up shift (octal 

6 or 7) the three-state outputs are enabled and the MSB of the Q register is available on the Q 3 pin and the MSB of 
the ALU output is available on the RAM 3 pin. Otherwise, the three-state outputs are electrically OFF (high-impedance) 
and the pins are electrically LS-TTL inputs. When the destination code calls for a down shift, the pins are used as the 
data inputs to the MSB of the Q register (octal 4) and RAM (octal 4 or 5). 

21, 9 

Qo 

RAMo 

I/O 

Shift lines like Q 3 and RAM 3 , but at the LSB of the Q-register and RAM. These pins are tied to the Q 3 and RAM 3 pins 
of the adjacent device to transfer data between devices for up and down shifts of the Q register and ALU data. 

25, 24 

23, 22 

Do-3 

1 

Direct data inputs. A four-bit data field which may be selected as one of the ALU data sources for entering data into 
the device. Dq is the LSB. 

36, 37 

38, 39 

Yo-3 

0 

The four data outputs. These are three-state output lines. When enabled, they display either the four outputs of the 
ALU or the data on the A-port of the register stack, as determined by the destination code le/e. 

40 

m 

1 

Output Enable. When OE is HIGH, the Y outputs are OFF; when SE is LOW, the Y outputs are active (HIGH or LOW). 

32, 35 

S, P 

0 

The carry generate and propagate outputs of the internal ALU. These signals are used with the Am2902 for carry- 
lookahead. 

34 

OVR 

0 

Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 

11 

F = 0 

0 

This is an open collector output which goes HIGH (OFF) if the data on the four ALU outputs F 0-3 are all LOW. In 
positive logic, it indicates the result of an ALU operation is zero. 

31 

F 3 

0 

The most significant ALU output bit. 

29 

Cn 

1 

The carry-in to the internal aLu. 

33 

Cn + 4 

0 

The carry-out of the internal ALU. 

15 

CP 

1 

The clock input. The Q register and register stack outputs change on the clock LOW-to-HIGH transition. The clock 
LOW time is internally the write enable to the 16x4 RAM which compromises the "master" latches of the register 
stack. While the clock is LOW, the "slave" latches on the RAM outputs are closed, storing the data previously on the 
RAM outputs. This allows synchronous master-slave operation of the register stack. 


DETAILED Am2901C MICROPROCESSOR BLOCK DIAGRAM 
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ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bit slice cascadable to any number of bits. Therefore, all 
data paths within the circuit are four bits wide. The two key 
elements in the Figure 1 block diagram are the 16-word by 4- 
blt 2-port RAM and the high-speed ALU. 

Data in any of the 16 words of the Random Access Memory 
(RAM) can be read from the A-port of the RAM as controlled 
by the 4-bit A address field input. Likewise, data in any of the 
16 words of the RAM as defined by the B address field input 
can be simultaneously read from the B-port of the RAM. The 
same code can be applied to the A select field and B select 
field in which case the identical file data will appear at both the 
RAM A-port and B-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN), new data 
is always written into the file (word) defined by the B address 
field of the RAM. The RAM data input field is driven by a 3- 
input multiplexer. This configuration is used to shift the ALU 
output data (F) if desired. This three-input multiplexer scheme 
allows the data to be shifted up one bit position, shifted down 
one bit position, or not shifted in either direction. 

The RAM A-port data outputs and RAM B-port data outputs 
drive separate 4-bit latches. These latches hold the RAM data 
while the clock input is LOW. This eliminates any possible race 
conditions that could occur while new data is being written into 
the RAM. 

The high-speed Arithmetic Logic Unit (ALU) can perform three 
binary arithmetic and five logic operations on the two 4-bit 
input words R and S. The R input field is driven from a 2-input 
multiplexer, while the S input field is driven from a 3-input 
multiplexer. Both multiplexers also have an inhibit capability; 
that is, no data is passed. This is equivalent to a "zero” 
source operand. 

Referring to Figure 2, the ALU R-input multiplexer has the 
RAM A-port and the direct data inputs (D) connected as 
inputs. Likewise, the ALU S-input multiplexer has the RAM A- 
port, the RAM B-port and the Q register connected as inputs. 

This multiplexer scheme gives the capability of selecting 
various pairs of the A, B, D, Q and "0" inputs as source 
operands to the ALU. These five inputs, when taken two at a 
time, result in ten possible combinations of source operand 
pairs. These combinations include AB, AD, AQ, AO, BD, BQ, 
BO, DQ, DO and QO. It is apparent that AD, AQ and AO are 
somewhat redundant with BD, BQ and BO in that if the A 
address and B address are the same, the identical function 
results. Thus, there are only seven completely non-redundant 
source operand pairs for the ALU. The Am2901 microproces¬ 
sor implements eight of these pairs. The microinstruction 
inputs used to select the ALU source operands are the Iq, Ii, 
and I 2 inputs. The definition of Iq, h, and I 2 for the eight source 
operand combinations are as shown in Figure 3. Also shown is 
the octal code for each selection. 

The two source operands not fully described as yet are the D 
input and Q input. The D input is the four-bit wide direct data 
field input. This port is used to insert all data into the working 
registers inside the device. Likewise, this input can be used in 
the ALU to modify any of the internal data files. The Q register 
is a separate 4-bit file intended primarily for multiplication and 
division routines but it can also be used as an accumulator or 
holding register for some applications. 

The ALU itself is a high-speed arithmetic/logic operator 
capable of performing three binary arithmetic and five logic 
functions. The I 3 , 14 , and I 5 microinstruction inputs are used to 
select the ALU function. The definition of these inputs Is 


shown in Figure 4. The octal code Is also shown for reference. 
The normal technique for cascading the ALU of several 
devices is in a look-ahead carry mode. Carry generate, G, and 
carry propagate, P, are outputs of the device for use with a 
carry-look-ahead-generator such as the Am2902. A carry-out, 
Cn + 4 > is also generated and is available as an output for use 
as the carry flag in a status register. Both carry-in (Cn) and 
carry-out (Cn + 4 ) are active HIGH. 

The ALU has three other status-oriented outputs. These are 
F 3 , F = 0, and overflow (OVR). The F 3 output is the most 
significant (sign) bit of the ALU and can be used to determine 
positive or negative results without enabling the three-state 
data outputs. F 3 is non-inverted with respect to the sign bit 
output Y 3 . The F = 0 output is used for zero detect. It is an 
open-collector output and can be wire OR'ed between micro¬ 
processor slices. F = 0 is HIGH when all F outputs are LOW. 
The overflow output (OVR) Is used to flag arithmetic opera¬ 
tions that exceed the available two's complement number 
range. The overflow output (OVR) is HIGH when overflow 
exists. That is, when Cn + 3 and Cn + 4 are not the same polarity. 

The ALU data output is routed to several destinations. It can 
be a data output of the device and it can also be stored in the 
RAM or the Q register. Eight possible combinations of ALU 
destination functions are available as defined by the le, I 7 , and 
Is microinstruction inputs. These combinations are shown in 
Figure 5. 

The four-bit data output field (Y) features three-state outputs 
and can be directly bus organized. An output control (OE) is 
used to enable the three-state outputs. When OE is HIGH, the 
Y outputs are in the high-impedance state. 

A two-input multiplexer is also used at the data output such 
that either the A-port of the RAM or the ALU outputs (F) are 
selected at the device Y outputs. This selection is controlled 
by the Is, I 7 , and Is microinstruction inputs. Refer to Figure 12 
for the selected output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from 
a three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted 
down one position (^2). The shifter has two ports; one is 
labeled RAMq and the other is labeled RAM 3 . Both of these 
ports consist of a buffer-driver with a three-state output and an 
input to the multiplexer. Thus, in the shift up mode, the RAM 3 
buffer Is enabled and the RAMq multiplexer input is enabled. 
Likewise, in the shift down mode, the RAMq buffer and RAM 3 
Input are enabled. In the no-shift mode, both buffers are in the 
high-impedance state and the multiplexer inputs are not 
selected. This shifter is controlled from the le, I 7 and le 
microinstruction inputs as defined in Figure 5. 

Similarly, the Q register is driven from a 3-input multiplexer. In 
the no-shIft mode, the multiplexer enters the ALU data into the 
Q register. In either the shift-up or shift-down mode, the 
multiplexer selects the Q register data appropriately shifted up 
or down. The Q shifter also has two ports; one Is labeled Qq 
and the other is Q 3 . The operation of these two ports is similar 
to the RAM shifter and Is also controlled from le, I 7 , and le as 
shown in Figure 5. 

The clock input to the Am2901 controls the RAM, the Q 
register, and the A and B data latches. When enabled, data is 
clocked into the Q register on the LOW-to-HIGH transition of 
the clock. When the clock input Is HIGH, the A and B latches 
are open and will pass whatever data is present at the RAM 
outputs. When the clock Input is LOW, the latches are closed 
and will retain the last data entered. If the RAM-EN is enabled, 
new data will be written into the RAM file (word) defined by the 
B address field when the clock input is LOW. 
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FUNCTIONAL TABLES 



MICRO CODE 

RAM 

FUNCTION 

Q-REG. 

FUNCTION 

Y 

RAM 

SHIFTER 

Q 

SHIFTER 

'« Code 

Shift Load 

Shift Load 

OUTPUT 

RAMo RAMs 

Qq Q 3 



RAMQU 


RAMU 


F-Q 


NONE 


NONE 


NONE 


Q/2-Q 


NONE 


2Q-Q 


NONE 



X“ Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state Output which is in the high-impedance state. 
B Register Addressed by B inputs. 

UP is toward MSB, DOWN is toward LSB. 


Figure 5. ALU Destination Control. 
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SOURCE OPERANDS AND ALU 
FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the Iq, h, and I 2 Instruction Inputs. The ALU can 
perform eight functions; five logic and three arithmetic. The I 3 , 
I 4 , and I 5 Instruction Inputs control this function selection. The 
carry input, Cn, also affects the ALU results when in the 
arithmetic mode. The Cp input has no effect in the logic mode. 
When Iq through I 5 and Cn are viewed together, the matrix of 


Figure 6 results. This matrix fully defines the ALU/source 
operand function for each state. 

The ALU functions can also be examined on a "task" basis, 
I.e., add, subtract, AND, OR, etc. In the arithmetic mode, the 
carry will affect the function performed while in the logic mode, 
the carry will have no bearing on the ALU output. Figure 7 
defines the various logic operations that the Am2901 can 
perform and Figure 8 shows the arithmetic functions of the 
device. Both carry-ln LOW (Cn = 0) and carry-ln HIGH (Cn = 1) 
are defined in these operations. 


Octal 
l 543 > >210 

Group 

Function 

4 0 


Aaq 

4 1 

4 5 

AND 

AaB 

DaA 

4 6 


DaQ 

3 0 


AvQ 

3 1 

3 5 

OR 

AvB 

DvA 

3 6 


DvQ 

6 0 


AVQ 

6 1 

6 5 

EX-OR 

AVB 

DVA 

6 6 


DVQ 



AVQ 


EX-NOR 


HHuHi 


DV5 



Q 


INVERT 

B 

A 



HIBHIIlii 


D 

imiQQHH 


Q 


PASS 

B 

A 



D 

3 2 


Q 

3 3 

3 4 

PASS 

B 

A 

3 7 


D 

4 2 


0 

4 3 

4 4 

"ZERO" 

0 

0 

4 7 


6 

5 0 


AaQ 

5 1 

MASK 

AaB 

DaA 

5 5 

5 6 


UaQ 


Figure 7. ALU Logic Mode Functions. 


Octal 

l543> 

i210 

Cn = 

L 

Cn = 

H 







A + Q 


A + Q + 1 


ADD 

A + B 

ADD plus 

A + B + 1 



D + A 

one 

D + A + 1 



D + Q 


D + Q+1 

0 2 


Q 


Q+1 

0 3 

PASS 

B 

Increment 

B + 1 

0 4 


A 


A + 1 

0 7 


D 


D + 1 





Q 




PASS 

B 






2 7 





2 2 





2 3 

1's Comp. 


2 's Comp. 


2 4 



(Negate) 


1 7 




-D 

1 0 


Q-A-1 


Q-A 

1 1 

Subtract 

B-A-1 

Subtract 

B-A 

1 5 

(1's Comp) 

A-D-1 

(2's Comp) 

A-D 

1 6 


Q-D-1 


Q-D 

2 0 


A-Q-1 


A-Q 

2 1 


A-B-1 


A-B 

2 5 


D-A-1 


D-A 

2 6 


D-Q-1 


D-Q 


Figure 8. ALU Arithmetic Mode Functions. 
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LOGIC FUNCTIONS FOR G, P, Definitions (+ =OR) 

Cn + 4, and OVR 

The four signals G, P, Cn + 4 , and OVfl are designed to 
indicate carry and overflow conditions when the Am2901 is in 
the add or subtract mode. The table below indicates the logic 
equations for these four signals for each of the eight ALU 
functions. The R and S inputs are the two inputs selected 
according to Figure 3. 


Pq = Ro So Go = RoSo 

Pi = Rl + S-| Gi = R1S1 

R2 ~ R2 S2 G2 = R2S2 

P3 = R3 + S3 G3 = R3S3 

C4 = G3 + P3G2 + P3P2G1 

+ P3P2P1G0 + P 3 P 2 PlPoCn 
C3 = G2 + P2G1 + P2P1G0 + p2PlPoCn 


>543 

Function 

P 

G 

Cn+4 

OVR 

0 

R + S 

P 3 P 2 P 1 P 0 

G3 + P3<S2 + P3P26i+P3P2Pi^0 

C 4 

C 3 VC 4 

1 

S-R 

, , r\ A.’ t A. i a t O’ i -4 ■#’ ■ 4 -* 


2 

R-S 

A ^1*11 X / 0 * ri i' *** 

1 odino BS H "F 5 dQUBtionSi uut suDstituiB Sj Tor Sj in QOttnitions "■ ^ 

3 

RvS 

LOW 

P 3 P 2 P 1 P 0 

P3P2PiPo + Cn 

P 3 P 2 P 1 P 0 + Cn 

4 

RaS 

LOW 

G 3 + G 2 + Gi + Go 

G 3 + G 2 + Gi + Go + Cn 

G 3 + G 2 + Gi + Go + Cn 

5 

RaS 

LOW 

1 ◄-Same as RaS equations, but substitute Rj for Rj in definitions-► 

6 

RVS 



7 


G 3 + G 2 + G-| + Gq 

G 3 + P 3 G 2 + P 3 P 2 G 1 + P 3 P 2 P 1 P 0 

G 3 + P 3 G 2 + P 3 P 2 G 1 

+ P3P2PiPo(Go + Cn) 

See note 


Note: [P2 + S2P1 +S2S1P0 +S2SlSoCn] ^ + = OR 

[P3+ S3P2 + S3G2P1 +G 3 S 2 ^iPo + 53 ^ 2 GlGoCn] 

Figure 9. 


MINIMUM CYCLE TIME CALCULATIONS FOR 16-BIT SYSTEMS 


Speeds used in calculations for parts other than Am2901C are representative for available MSI parts. 



I _ 


I 



I REGISTER 




(D 

\.B. I.C„ 

Am2901C 


MSB 

Ain2901C OVR 


_n_r 


A A A 



STATUS 

STATUS 


REGISTER 



AF 001621 


Pipelined System. Add without Simultaneous Shift. 



DATA LOOP 



CONTROL LOOP 


©Register 

Clock to Oujput 

9 

©Register 

Clock to Output 

9 

+ @ 2901 C 

A, BJo G, P 

37 

+ ®MUX 

Select to Output 

13 

+ ® 2902 A 

Go, Po to Cn-hz 

7 

+ © 2910 A 

CC to Output 

30 

+ @ 2901 C 

Cn to Cn + 4 , OVR, 
F3, F = 0 , Y 

25 

+ ®PROM 

Access Time 

40 

+ ©Register 

Setup Time 

2 + ©Register 

80 ns 

Minimum clock period = 94 ns 

Setup Time 

2 

94 ns 
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AF001631 


Pipelined System. Simultaneous Add and Shift Down. 


DATA LOOP CONTROL LOOP 


©Register 

Clock to Output 

9 

©Register 

Clock to Output 

9 

+ @2901C 

A, Bjo G.P 

37 

+ ®MUX 

Select to Output 

13 

+ @2902A 

So, Po to Cn + z 

7 

+ @2910A 

CC to Output 

30 

+ @2901C 

Cn to F 3 , OVR 

22 

+ ®PROM 

Access Time 

40 

+ ®XOR and MUX 


21 

+ ©Register 

Setup Time 

2 

+ ®2901C 

RAM 3 Setup 

12 



94i 



108ns 






Minimum clock perioc 

I = 108ns 





Figure 10 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature....“65®C to +150®C Commercial (C) Devices 

Ambient Temperature Under Bias...-55®C to +125‘*C Temperature.to +70®C 

Supply Voltage to Ground Potential Supply Voltage. .+ 4.75V to + 5.26V 

DC Voltage Applied to Outputs For ^ TAmpBrL.ra -wr; *o+i 9 <i«c 

Highwstate.-0.5V tojvcc max 

rt/- ♦ r' V V ♦ ’ * ♦” * 1 . ^ oa’^ a Operating ranges define, those limits over which the function- 

DC Input Current.-30mA to + 5.0mA ^ yuaramt^t^u. 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions (Note 1 ) 

r- 

Min 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ min 

V|N* V|H or V|L 

•OH®- 1 - 6 mA 

Yo Yi. Y 2 . Yg 

2.4 


Volts 

lOH “ ~ 1 .OrnA. Cn + 4 

2.4 


Ioh = -800/uA. OVR. P 

2.4 


•oh =* -600mA. Fg • 

2.4 


•oh = -600mA 

RAMq, 3 , Qo ,3 

2.4 


Iqh “ -1.6mA. S 

2.4 



•CEX 

Output Leakage Current 

For F * 0 Output 

Vcc “ min. Voh = 5.5V 

V|N = V|H or V|L 


250 

ma 

VOL 

Output LOW Voltage 

Vcc = min. 

V,N*V|H 
or V|L 

Yo. Vi. Y 2 . Y3 

lOL = 20 mA (COM’L) (Note 4) 


0.5 


IOL=16mA (MIL) (Note 4) 


0.5 

S. F«0 

lOL^IOmA 


0.5 

Cn + 4 

•OL^IOmA 


0.5 

OVR. P 

Iql “ 8,0mA 


0.5 

F 3 , RAMq, 3 , 

Qo,3 

Iql - 6.0mA 


0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs (Note 6) 

2.0 


Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 6) 


0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “MIN. liN = -18mA 


-1.5 

Volts 

l|L 

Input LOW Current 

Vcc == max. ViN * 0.5V 

Clock. 51 


-0.36 

mA 

Aq, Ai. A 2 , Ag 


-0.36 

Bo. Bi. Bg, Bg 


-0.36 

Do, Di. Dg. Dg 


-0.72 

lO. h. > 2 . l6, Is 


-0.36 

I 3 . I 4 . I 5 . I 7 


-0.72 

RAMo, 3 , Qo ,3 (Note 3) 


-0.8 

Cn 


-3.6 

l|H 

Input HIGH Current 

. 

Vcc “ max. ViN » 2.7V 

Clock. 5E 


20 

ma 

Ao, Ai. Ag, Ag 


20 

Bo, Bi. Bg, Bg 


20 

Do, Di, Dg, Dg 


40 

lo, 111 I 2 . Is. Is 


20 

1 

I 3 , I 4 , I 5 , I 7 


40 

RAMo, 3 , Qo, 3 (Note 3) 


100 

Cn 


200 
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Yq, Yi, Y2 , Y3. g 

4 _ 

OVR, P _ 

f 3 _ 

RAMo, 3 , Qq, 3 


COM'L Only Ta ^ 0°C to + 70X 

(Note 4) Ta«+70X 

Vcc = MAX i^iL Only Tc°-55°C to+125^0 _ I_[_ 

(Note 4) Tc= +125"C 1 


Note: 

1. Vcc conditions shown as MIN or MAX, refer to the military (±10%) or commercial (±5%) Vcc limits. 

2. Not more than one output should be stored at a time. Duration of the short circuit test should not exceed one second. 

3. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with Igya in a state such that 
the three-state output is OFF. 

4. "MIL" = Am2901CXM, DM, FM. LM, "COM'L" = Am2901CXC, PC, DC, LC. 

5. Worst case Ice measured at the lowest temperature in the specified operating range. 

6. These input levels provide zero noise immunity and should only be static tested in a noise-free environment, (not functionally tested). 


Power Supply Current 
(Note 5) 
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Am2901B/Am2901C 


L Am2901B Guaranteed Commercial A. Cycle Time and Clock Characteristics. 

Range Performance 

The tables below specify the guaranteed performance of the 
Am2901 B over the commercial operating range of 0®C to 
+ 70®C, with Vcc from 4.75V to 5.25V. All data are in ns, with 
inputs switching between OV and 3V at 1 V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2901BPC 

Am2901BDC 


B. Combinationai Propagation Deiays. (Note 1) 

• Cl = 50pF 



To Output 

From Input 

Y 

F3 

Cn+4 

G, P 

o 

II 

u. 

OVR 

RAMO 

RAMS 

QO 

Q3 

A, B Address 

60 

61 

59 

50 

70 

67 

71 


D 

38 

36 

40 

33 

48 

44 

45 

- 

Cn 

30 

29 

20 

- 

37 

29 

38 

- 

I012 

50 

47 

45 

45 

56 

53 

57 

- 

1345 

51 


52 

45 

60 

49 

53 

- 

1678 

28 

- 

- 

- 

- 

- 

35 

35 

A Bypass ALU 
(1 = 2XX) 

37 

- 

- 

- 

- 

- 

- 

- 

Clock J" 

49 

48 

47 

37 

58 

55 

59 

29 


C. Set-up and Hoid Times Reiative to Ciock (CP) input. (Note 1) 


Input 





CP: 

Set-up Time 
Before H -L 

C- 

Hoid Time 

After L -M 

Hold Time 

After H -L 

Set-up Time 
Before L -H 

A, B Source Address 

20 



0 

B Destination 

Address 

15 


0 





0 




39 

0 

1012 

- 

- 

56 

0 

1345 

- 

- 

55 

0 

1678 

11 

Do Not Change (Note 2) 

0 

RAMO, 3, QO, 3 

- 

- 

16 

0 


D. Output Enable/Disable Times. 

Output disable tests performed with Cl = 5 pF and 
measured to 0 . 5 V change of output voltage level. 


Input 

Output 

Enable 

Disable 

OE 

, Y 

35 

25 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire ciock LOW time to avoid erroneous operation. This is indicated by 

the phrase "do not change". 

3. Source addresses must be stable prior to the clock H-"L transition to allow time to access the source 

data before the latches close. The A address may then be changed. The B address could be changed if it is not 
a destination: i.e., if data is not being written back into the RAM. Normally A and B are not changed during the 
clock LOW time. 

4. The set-up time prior to the clock L-*H transition is to allow time for data to be accessed, passed through the 

ALU, and returned to the RAM. It indicates all the time from stable A and B addresses to the clock L-*H 

transition, regardless of when the clock H-^L transition occurs. 


Read-Modify-Write Cycle (from selection of A, 

B registers to end of cycle.) 

69ns 

Maximum Clock Frequency to shift Q (50% 
duty cycle. 1 = 432 or 632) 

16MHz 

Minimum Clock LOW Time 

30ns 

Minimum Clock HIGH Time 

30ns 

Minimum Clock Period 

69ns 
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II. Am2901B Guaranteed Military Range A. Cycle Time and Clock Characteristics. 

Performance 

The tables below specify the guaranteed performance of the 
Am2901B over the military operating range of -55°C to 
+125®C, with Vcc from 4.5V to 5.5V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers; Am2901 BDM 

Am2901BFM 


B. Combinational Propagation Delays. (Note 1) 
Cl = 50pF 



To Output 

From Input 

Y 

F3 

Cn+4 

G, P 

F = 0 

OVR 

RAMO 

RAMS 

QO 

Q3 

A, B Address 

82 

84 

80 

70 

90 

86 

94 

- 

D 

44 

38 

40 

34 

50 

45 

48 


Cn 

34 

32 

24 

- 

38 

31 

39 

- 

1012 

53 

50 

47 

46 

65 

55 

58 

- 

1345 

58 

58 

58 

48 

64 

56 

55 

- 

1678 

29 

- 

- 

- 

- 

- 

27 

27 

A Bypass ALU 
(1 = 2XX) 

50 

- 

- 

- 

- 

- 

- 

- 

Clock J“ 

53 

50 

49 

41 

63 

58 

61 

31 


Read-Modify-Write Cycle (from selection of A, 

B registers to end of cycle.) 

88ns 

Maximum Clock Frequency to shift Q (50% 
duty cycle. 1 = 432 or 632) 

15MHz 

Minimum Clock LOW Time 

30ns 

Minimum Clock HIGH Time 

30ns 

Minimum Clock Period 

88ns 


C. Set-up and Hold Times Relative to Clock (CP) Input. (Note 1) 


Input 


— 

V 



CP: 

Set-up Time 
Before H -L 

Hold Time 

After L -H 

Hold Time 

After H -L 

Set-up Time 
Before L 

A, B Source Address 

30 

0 (Note 3) 

88 (Note 4) 

0 

B Destination 

Address 

15 

Do Not Change (Note 2) 

0 

D 

- 

- 

55 

0 

Cn 

- 

- 

42 

0 

1012 

- 

- 

58 

0 

1345 

- 

- 

62 

0 

1678 

14 

Do Not Change (Note 2) 

0 

RAMO, 3, QO. 3 

- 


18 

3 


D. Output Enabie/Disable Times. 

Output disable tests performed with Cl = 5 pF and 
measured to 0 . 5 V change of output voltage level. 


input 

Output 

Enable 

Disable 

OE 

Y 

40 

25 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase "do not change". 

3. Source addresses must be stable prior to the clock H-^L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina¬ 
tion; i.e., if data is not being written back into the RAM. Normally A and B are not changed during the clock LOW 
time. 

4. The set-up time prior to the clock L-'H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L-*H 
transition, regardless of when the clock H-'L transition occurs. 
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III. Am2901C Guaranteed Commercial A. Cycle Time and Clock Characteristics. 

Range Performance 

The tables below specify the guaranteed performance of the 
Am2901C over the commercial operating range of 0®C to 
+ 70®C, with Vcc 4.75V to 5.25V. All data are in ns, with 
inputs switching between OV and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2901 CPC 

Am2901CDC 
Am2901CLC 


B. Combinationai Propagation Delays. (Note 1) 
Cl = 50pF 



To Output 1 

From Input 

Y 

F3 

Cn-»-4 

6 ,P 

o 

II 

u. 

OVR 

RAMO 

RAM3 

QO 

Q3 

A, B Address 

40 

40 

40 

37 

40 

40 

40 

- 

D 

30 

30 

30 

30 

38 

30 

30 

- 

Cn 

22 

22 

20 

- 

25 

22 

25 

- 

1012 

35 



37 




- 

1345 

35 

35 

35 

35 

38 

35 

35 

- 

1678 ^ 

25 

- 

- 

- 

- 

- 


26 

A Bypass ALU 
(l = 2XX) 


m 

- 

- 

- 

-- 

- 

- 

Clock -J” 

35 

35 

35 

35 

35 

35 

35 

28 


C. Set-up and Hold Times Relative to Clock (CP) Input. (Note 1) 


Input 



/ 


CP: 

Set-up Time 
Before H -♦L 

Hold Time 

After L -H 

Hold Time 

After H -L 

Set-up Time 
Before L -^H 

A, B Source Address 

15 

1 (Note 3) 


1 

B Destination 

Address 

15 

Do Not Change (Note 2) 

1 

D 

mBBHHI 


25 

0 

Cn 

- 

- 

20 

0 

1012 

- 

- 

30 

0 

1345 

- 

- 

30 

0 

1678 

10 

Do Not Change (Note 2) 

0 

RAMO. 3, QO. 3 

- 

- 

12 

0 


D. Output Enable/Disable Times. 

Output disable tests performed with Cl * 5pF and 
measured to 0.5V change of output voltage level. 


Input 

Output 

Enable 

Disable 


Y 

23 

23 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist, 

2, Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase "do not change". 

3, Source addresses must be stable prior to the clock H-*L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina¬ 
tion; i.e., if data is not being written back into the RAM. Normally A and B are not changed during the clock 
LOW time. 

4, The set-up time prior to the clock L-*H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L-H 
transition, regardless of when the clock H-"L transition occurs. 
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Read-Modify-Write Cycle (from selection of A, 

B registers to end of cycle.) 

31ns 

Maximum Clock Frequency to shift Q (50% 
duty cycle, 1 = 432 or 632) 

32MHz 

Minimum Clock LOW Time 

15ns 

Minimum Clock HIGH Time 

15ns 

Minimum Clock Period 

31ns 
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IV. Am2901C Guaranteed Military Range 
Performance 

The tables below specify the guaranteed performance of the 
Am2901C over the military operating range of -55®C to 
+ 125®C, with Vcc from 4.5V to 5.5V. All data are In ns, with 
Inputs switching between OV and 3V at 1V/ns and measure¬ 
ments made at 1.5V. All outputs have maximum DC load. 

This data applies to the following part numbers: Am2901 CDM 

Am2901CFM 

Am2901CLM 


A. Cycle Time and Clock Characteristics. 


Read-Modify-Write Cycle (from selection of A, 

B registers to end of cycle.) 

32ns 

Maximum Clock Frequency to shift Q (50% 
duty cycle, 1 = 432 or 632) 

31 MHz 

Minimum Clock LOW Time 

15ns 

Minimum Clock HIGH Time 

15ns 

Minimum Clock Period 

32ns 


B. Combinational Propagation Delays. (Note 1) 
Cl = 50pF 



From Input 









C. Set-up and Hold Times Relative to Clock (CP) input. (Note 1) 



Set-up Time 
Before L ^ H 


A, B Source Address 

B Destination 
Address 


D 


Cn _ 

1012 


5 


1678 

RAMO, 3, QO, 3 


30, 15 + TpwL 
(Note 4) 


2 (Note 3) I — 

Do Not Change (Note 2) 




D. Output Enabie/Disable Times. 

Output disable tests performed with Cl ~ 5pF and 
measured to 0.5V change of output voltage level. 


NOTES: 1. A dash indicates a propagation delay path or set-up time constraint does not exist. 

2. Certain signals must be stable during the entire clock LOW time to avoid erroneous operation. This is indicated by 
the phrase "do not change”. 

3. Source addresses must be stable prior to the clock H-'L transition to allow time to access the source data before 
the latches close. The A address may then be changed. The B address could be changed if it is not a destina¬ 
tion; i.e., if data is not being written back into the RAM. Normally A and B are not changed during the clock 
LOW time. 

4. The set-up time prior to the clock L-*H transition is to allow time for data to be accessed, passed through the 
ALU, and returned to the RAM. It includes all the time from stable A and B addresses to the clock L-^H 
transition, regardless of when the clock H-"L transition occurs. 
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Am2901B/Am2901C 


SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


Vcc 



B. NORMAL OUTPUTS C. OPEN-COLLECTOR 

OUTPUTS 


5V 



5V 



VouT O-> 


Cl 


TC001090 


R 2 


2.4V 

•oh 


5.0 - Vbe - VoL 
•ol + Vol/ik 


6.0-Vbe-V oL 

•OL + V0L/R2 


Ri 


5.0-Vql 
•OL 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. S-j, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. S-j and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl=5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2901C (DIP) 


Pin # 

Pin Label 

Test Circuit 

Ri 

R2 

8 

RAM 3 

A 

560 

1K 

9 

RAMo 

A 

560 

1K 

11 

T| 

II 

0 

C 

270 

- 

16 

Q 3 

A 

560 

IK 

21 

Qo 

A 

560 

1K 

31 

F 3 

B 

620 

3.9K 

32 

G 

B 

220 

1.5K 

33 

Cn -1- 4 

B 

360 

2.4K 

34 

OVR 

B 

470 

3K 

35 

P 

B 

470 

3K 

36-39 

Yo-3 

A 

220 

1K 
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TTL INPUT/OUTPUT CURRENT INTERFACES 



IC000430 


C| =5.0pF, all inputs 


THREE-STATE OPEN COLLECTOR 



Oo, 3, RAMo, 3 


G,P.C„+4 


F = 0 

Y OUTPUTS 


OVR, Fg 




IC000440 


Co —5.0pF, all outputs 

Figure 11. 
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Am2901B/Am2901C 


LIFE TEST AND BURN-IN CIRCUIT FOR MILITARY CLASS B PARTS. 



TC001070 

(Contact Factory for Commercial Burn-in Conditions) 

Figure 12. 

Notes on Testing the ground pin at the device to rise by 100's of 

millivolts momentarily. 

Incoming test procedures on this device should be carefully 

planned, taking into account the high complexity and power Use extreme care in defining input levels for AC tests. Many 

levels of the part. The following notes may be useful. inputs may be changed at once, so there will be significant 

noise at the device pins and they may not actually reach Vil 

1 . Insure the part is adequately decoupled at the test head. or Vm until the noise has settled, AMD recommends using 

Large changes in Vcc current as the device switches may V|l < OV and Vih > 3.0V for AC tests. 

cause erroneous function failures due to Vcc changes. 

5. To simplify failure analysis, programs should be designed to 

2. Do not leave inputs floating during any tests, as they may perform DC, Function, and AC tests as three distinct groups 

start to oscillate at high frequency. of tests. 

3. Do not attempt to perform threshold tests at high speed. 6. To assist in testing, AMD offers complete documentation on 

Following an input transition, ground current may change by our test procedures and, in most cases, can provide 

as much as 400mA In 5-8ns. Inductance in the ground cable Fairchild Sentry programs, under license. 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices" 
in the Bipolar Microprocessor Logic and Interface Data Book. 
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Am2902A 

High-Speed Look-Ahead Carry Generator 


DISTINCTIVE CHARACTERISTICS 


• Provides look-ahead carries across a group of four • Capability of multi-level look-ahead for high-speed arith- 
Am2901 or Am2903 microprocessor ALU's metic operation over large word lengths 

• Typical carry propagation delay of 4.5ns 


GENERAL DESCRIPTION 


The Am2902A Is a high-speed, look-ahead carry generator 
which accepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
carries across four groups of binary ALU's. The device also 
has carry propagate and carry generate outputs which may 
be used for further levels of look-ahead. 

The Am2902A is generally used with the Am2901 bipolar 
microprocessor unit to provide look-ahead over word 
lengths of more than four bits. The look-ahead carry 
generator can be used with binary ALU's In an active LOW 


or active HIGH input operand mode by reinterpreting the 
carry functions. The connections to and from the ALU to 
the look-ahead carry generator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn + X “ Go + PoGn 

Cn + y =Gl + PlGo + PiPoCn 

Gp + z “ G2 + P2G1 + P2P1 Go + P2P1 PoGp 

G =63 + P3G2 + P3P2G1 + P3P2P1G0 
P=P3P2PlP0 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am2901 

4-Bit Microprocessor Slice 

Am2903 

4-Bit Microprocessor Slice 

Am29203 

Improved 2903 

Am29601 

Multiport Pipelined Processor 


03595B 
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Am2902A 


P-16, D-16 


CONNECTION DIAGRAM 
Top View 


L-20-1 



F-16 pin configuration identical to D-16, P-16. 
Note; Pin 1 is marked for orientation 


LOGIC SYMBOL 


3 4 1 2 14 15 5 6 

U U U i i 

Go pQ G, P, G 2 P 2 G 

Am2902A 

S LOOK-AHEAD CARRY 

GENERATOR 

^n+y 

3 P 3 

G 

P 

-^z 


2 1 

1 

) 


LS000850 


METALLIZATION AND PAD LAYOUT 


Go 


Po 

G3 


P 3 


P 


GNO 

Gp+z 


DIE SIZE 0.062'x 0.067" 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2902A A D C B 

I— Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C - Commercial (O^C to +70®C) 

M - Military (-55*^0 to + IZS^C) 

— Package 

D - 16-pin CERDIP 
F - 16-pin flatpak 
L - 20-pin leadless chip carrier 
P - 16-pln plastic DIP 
X - Dice 

— Speed Select 

A - High Speed Option 

Device Type 

Look-Ahead Carry Generator 


Valid Combinations | 

Am2902A 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available In the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

13 

Cn 

1 

Carry-in. The carry-in input to the (ook-ahead generator. Also the carry-in input to the nth Am2901 microprocessor 
ALU input. 

12, 11, 9 

Cn + j 

o 

Carry-out. (i = x, y, z). The carry-out output to be used at the carry-in inputs of the n + 1, n + 2 and n + 3 
microprocessor ALU slices. 

1-6, 14, 15 

Gi. Pi 

1 

Generate and propagate inputs respectively (i = 0,1, 2, 3). The carry generate and carry propagate inputs from the n, 
n + 1, n + 2 and n + 3 microprocessor ALU slices. 

10. 7 

S, P 

0 

Generate and propagate outputs respectively. The carry generate and carry propagate outputs that can be used with 
the next higher level of carry look-ahead if used. 


TRUTH TABLE 


Inputs 

Outputs 

E9 

Go Pq Gi Pi G2 P2 G3 P3 

Cn+x Cn-i-y Cn+r 

G 

P 

X 

H 

H 







L 





L 

H 

X 







L 





X 

L 

X 







H' 





H 

X 

L 







H 





X 

X 

X 

H 

H 






L 




X 

H 

H 

H 

X 






L 




L 

H 

X 

H 

X 






L 




X 

X 

X 

L 

X 






H 




X 

L 

X 

X 

L 






H 




H 

X 

L 

X 

L 






H 




X 

X 

X 

X 

X 

H 

H 





L 



X 

X 

X 

H 

H 

H 

X 





L 



X 

H 

H 

H 

X 

H 

X 





L 



L 

H 

X 

H 

X 

H 

X 





L 



X 

X 

X 

X 

X 

L 

X 





H 



X 

X 

X 

L 

X 

X 

L 





H 



X 

L 

X 

X 

L 

X 

L 





H 



H 

X 

L 

X 

L 

X 

L 





H 




X 


X 

X 

X 

X 

H 

H 




H 



X 


X 

X 

H 

H 

H 

X 




H 



X 


H 

H 

H 

X 

H 

X 




H 



H 


H 

X 

H 

X 

H 

X 




H 



X 


X 

X 

X 

X 

L 

X 




L 



X 


X 

X 

L 

X 

X 

L 




L 



X 


L 

X 

X 

L 

X 

L 




L 



L 


X 

L 

X 

L 

X 

L 

_1 




L 




H 


X 


X 


1 

X 





H 



X 


H 


X 


X 





H 



X 


X 


H 







H 



X 


X 


X 


H 





H 



L 


L 


L 


L 





L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
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ABSOLUTE MAXIMUM RATINGS 


storage Temperature.-65®C to +150®C 

(Ambient) Temperature with 

Applied Powers.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous.-0,5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. .-0.5V to +Vcc nriax 

DC Input Voltage......-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ min, loH“~fmA 

V|N “ V|H or V|L 

MIL 

2.5 

3.4 


Volts 

COM 

2.7 

3.4 


VOL 

Output LOW Voltage 

Vcc min, Iol = 20 mA 

V|N = V|H or V|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all 
inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all 
inputs 



0.8 

iimyi 

V| 



mmum 

HHH! 

-1.2 

HEIEBi 




Cn 



-2 

nnnnni 




P 3 



-4 


l|L 

Input LOW Current 

Vcc = max, V|n = 0.5V 

P 2 



-6 


Po. Pi. ^3 



-8 




Sq, S2 



-14 





Si 



-16 

hhi 




Cn 



50 





P3 



100 


l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

P2 



150 


Po. Pi. S 3 







So, S2 








Si 



400 

||||||||[[|| 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

_1 

isc 

Output Short Circuit 
(Note 3) 

Vcc * max, Vout = o.ov 

-40 






Vcc = max 

All Outputs LOW 

MIL 


69 

99 

BEIi 

•cc 

Power Supply Current 

COM'L 


69 

109 

Vcc = max 

All Outputs HIGH 

EHHH 


35 







35 



Notes: 1. Typical limits are at Vcc®5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5 OV) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Cn to Cn + xi Cp + y, or Cp-t-z 





mm 

tPHL 




IBSi 

tPLH 

Pj or Gj to Cn + xi Cn -f y, or Cp + z 



■a 

7 


tPHL 

Cl= 15pF 


mm 

7 

tpLH 

Pj or Sj to S 

Rl = 280 n 


5 

7.5 

mmn 

tPHL 



7 

mol 

tPLH 

P( to P 



■01 

■■1 


tPHL 



mm 

10 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 

Description 

Test Conditions 



1 







tPLH 

Cn to Cn + x> Cn -h y or Cn + z 

Cl = 50 pF 

Rl = 280 


13 


15 

ns 

tpHL 


14 



ns 

tPLH 

Pj or Gj to Cn x> Cp + y, or Cp -r- z 


8 



ns 

tpHL 

HHI 

9 



ns 

tPLH 

Pj or Gj to G 

HHI 

12 



ns 

tPHL 




13.5 

ns 

tPLH 

Pj to P 




11.5 

ns 

tPHL 




12 

ns 


•Switching Characteristics’ performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2903A 

Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


Expandable Register File - 

The Am2903A includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

Built-in Parity Generation and Sign Extension Circuitry - 
Can supply parity across the entire ALU output and 
provide sign extension at any slice boundary. 
Built-in Division Logic - 

Executes non-restoring, multiple-length division with 
correction of the quotient. 


• Built-in Normalization Logic - 

The mantissa and exponent of a floating-point num¬ 
ber can be developed using a single microcycle per 
shift. Status flags indicate when the operation is 
complete. 

• Built-in Multiplication and Division Logic - 

Performs unsigned multiplication, two's complement 
multiplication and the last cycle of a two's comple¬ 
ment multiplication. 


GENERAL DESCRIPTION 


The Am2903A is a four-bit expandable bipolar microproces¬ 
sor slice. The Am2903A performs all functions performed 
by the industry standard Am2901 and, in addition, provides 
a number of significant enhancements that are especially 
useful in arithmetic-oriented processors. Infinitely expand¬ 
able memory and three-port, three-address architecture are 


provided by the Am2903A. In addition to its complete 
arithmetic and logic instruction set, the Am2903A provides 
a special set of instructions which facilitate the implementa¬ 
tion of multiplication, division, normalization, and other 
previously time-consuming operations. The Am2903A is 
identical to the Am2903A but up to 30% faster. 


BLOCK DIAGRAM 



lEN 


BD002784 


IMOX is a trademark of Advanced Micro Devices, Inc. 


03579B 



5-25 


Refer to Page 13-1 for Essential Information on Military Devices 


Am2903A 




Am2903A 


RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt Controller 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2925 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am29705A 

Two-Port RAM 

Am27S35 

Registered PROM 
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CONNECTION DIAGRAM 
Top View 


DIP 

D-48-1 

F-48-1 


Leadless Chip Carrier 
L-52-1 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 





METALLIZATION AND PAD LAYOUT 


7 6 5 4 3 2 1 48 47 46 45 44 43 



19 20 21 22 GND 23 24 25 26 27 28 29 


DIE SIZE 0.163" X 0.197" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2903A D C B 

'—Screening Option 

Blank - Standard processing 
B - Burn-in 

—- Temperature (See Operating Range) 
C - Commercial (0*C to + 70*C) 

M - Military (-55®C to +125'»C) 

— Package 

D-48-pin CERDIP 
F - 48-pin flatpak 
L - 52-pin leadless chip carrier 
X - Dice 

Device Type 

Four-Bit Microprocessor Slice 


Valid Combinations 

Am2903A 

DC, DCB, DMB 
FMB 

LC, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am2903A 


PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


Ao-3 

1 

Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 


Bo-3 

1 

Four RAM address inputs which contain the address of the RAM word appearing at the RAM B output port and into 
which new data is written when the WE input and the CP input are LOW. 

37 

WE 

1 

The RAM write enable input. If WE is LOW, data at the Y I/O port is written into the RAM when the CP input is LOW. 
When WE is HIGH, writing data Into the RAM is inhibited. 


DAo-3 

1 

A four-bit external data input which can be selected as one of the Am2903A ALU operand sources; DAq is the least 
significant bit. 

2 

EA 

1 

A control input which, when HIGH selects DA 0-3 as the ALU R operand, and, when LOW, selects RAM output A as the 
ALU R operand and the DA 0.3 output data. 


DBo-3 

I/O 

A four-bit external data input/output. Under control of the OEb input, RAM output port B can be directly read on these 
lines, or input data on these lines can be selected as the ALU S operand. 

31 


1 

A control input which, when LOW, enables RAM output B onto the DB 0.3 lines and, when HIGH, disables the RAM 
output B tri-state buffers. 

10 

Cn 

1 

The carry-in input to the Am2903A ALU. 


> 0-8 

1 

The nine instruction inputs used to select the Am2903A operation to be performed. 

38 


1 

The instruction enable input which, when LOW, allows the Q Register and the Sign Compare flip-flop to be written. 
When IEN is HIGH, the Q Register and Sign Compare flip-flop are in the hold mode. lEN also controls WRITE. 

11 

Cp + 4 

0 

This output generally indicates the carry-out of the Am2903A ALU. Refer to Table 5 for an exact definition of this pin. 

14 

G/N 

0 

A multi-purpose pin which indicates the carry generate, S, function at the least significant and intermediate slices, and 
generally indicates the sign, N, of the ALU result at the most significant slice. Refer to Table 5 for an exact definition of 
this pin. 

12 

P/OVR 

0 

A multi-purpose pin which indicates the carry propagate, P, function at the least significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to Table 5 
for an exact definition of this pin. 

22 

Z 

I/O 

An open-collector inpgt/output pin which, when HIGH, generally indicates the outputs are all LOW. For some Special 
Functions, Z is used as an input pin. Refer to Table 5 for an exact definition of this pin. 

20 , 21 

SlOo, 

SI 03 

I/O 

Bidirectional serial shift inputs/outputs for the ALU shifter. During a shift-up operation, SIOq is an input and SIO 3 an 
output. During a shift-down operation, SIO 3 is an input and SIOq is an output. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

1, 48 

00 

00 

I/O 

Bidirectional serial shift inputs/outputs for the Q shifter which operate like SIOq and SIO 3 . Refer to Tables 3 and 4 for 
an exact definition of these pins. 

39 

L§§ 

1 

An input pin which, when tied LOW. programs the chip to act as the least significant slice (LSS) of an Am2903A array 
and enables the WRITE output onto the WRITE/MSS pin. When LS§ is tied HIGH, the chip is programmed to operate 
as either an intermediate or most significant slice and the WRITE output buffer is disabled. 

40 

WRITE/ 

MSS 

I/O 

When LSS is tied LOW, the WRITE output signal appears at this pin; the WRITE signal is LOW when an instruction 
which writes data into the RAM is being executed. When LSS is tied HIGH, WRITE/MSS is an input pin; tying it HIGH 
programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as the most 
significant slice (MSS). 


Yo-3 

I/O 

Four data inputs/outputs of the Am2903A. Under control of the OEy input, the ALU shifter output data can be enabled 
onto these lines, or these lines can be used as data inputs when external data is written directly into the RAM. 

15 

Oe 9 

1 

A control input which, when LOW, enables the ALU shifter output data onto the Y 0-3 lines and, when HIGH, disables 
the Y 0.3 three-state output buffers. 

43 

CP 

1 

The clock input to the Am2903A. The Q Register and Sign Compare flip-flop are clocked on the LOW-to-HIGH 
transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 

ARCHITECTURE OF THE Am2903A output ports, identical data appear at the two output ports 

when the same address is applied to both address ports. The 
The Am2903A is a high-performance, cascadable, four-bit latches at the RAM output ports are transparent when the 

bipolar microprocessor slice designed for use in CPU’s. clock input, CP, is HIGH and they hold the RAM output data 

peripheral controllers, microprogrammable machines, and nu- when CP Is LOW. Under control of the OEb three-state output 

merous other applications. The microinstruction flexibility of enable, RAM data can be read directly at the Am2903A DB 

the Am2903A allows the efficient emulation of almost any (|/0) port, 

digital computing machine. The nine-bit microinstruction se¬ 
lects the ALU sources, function and destination. The External data at the Am2903A Y I/O port can be written 

Am2903A is cascadable with full lookahead or ripple carry, directly Into the RAM, or ALU shifter output data can be 

. has three-state outputs, and provides various ALU status flag enabled onto the Y I/O port and entered into the RAM. Data is 

outputs. Advanced Low-Power Schottky processing Is used to written into the RAM at the B address when the write enable 

fabricate this 48-pin LSI circuit. ^ WE, is LOW and the clock input, CP. is LOW. 

All data paths within the device are four bits wide. As shown in Arithmetic LOQiC Unit 

the block diagram, the device consists of a 16-word by 4-bit, 

two-port RAM with latches on both output ports, a high- Am2903A high-performance ALU can perform seven 

performance ALU and shifter, a multi-purpose Q Register with arithmetic and nine logic operations on two 4-bit operands, 

shifter input, and a nine-bit Instruction decoder. Multiplexers at the ALU inputs provide the capability to select 

various pairs of ALU source operands. The Ea input selects 
Two-Port RAM either the DA external data input or RAM output port A for use 

as one ALU operand and the OEb and Iq inputs select RAM 
Any two RAM words addressed at the A and B address ports output port B, DB external data input, or the Q Register 

can be read simultaneously at the respective RAM A and B content for use as the second ALU operand. Also, during 
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some ALU operations, zeroes are forced at the ALU operand 
inputs. Thus, the Am2903A ALU can operate on data from two 
external sources, from an internal and external source, or from 
two internal sources. Table I shows all p ossibl e pairs of ALU 
source operands as a function of the Ea, OEb, and Iq inputs. 

When instruction bits I 4 , I 3 , I 2 , \^, and Iq are LOW, the 
Am2903A executes special functions. Table 4 defines these 
special functions and the operation which the ALU performs 
for each. When the Am2903A executes instructions other than 
the nine special functions, the ALU operation is determined by 
instruction bits I 4 , I 3 , I 2 , and h. Table 2 defines the ALU 
operation as a function of these four instruction bits. 


TABLE 1. ALU OPERAND SOURCES 


Ea 

>0 

OEb 

ALU Operand R 

ALU Operand S 

L 

L 

L 

RAM Output A 

RAM Output B 

L 

L 

H 

RAM Output A 

DB0.3 

L 

H 

X 

RAM Output A 

Q Register , 

H 

L 

L 

DAo -3 

RAM Output B 

H 

L 

H 

DA0.3 

DBo -3 

H 

H 

X 

DA0.3 

Q Register 


L = LOW H = HIGH X = Don't Care 


TABLE 2. Am2903A ALU FUNCTIONS 


I 4 

h 

*2 


Hex 

Code 

ALU FUNCTIONS 

L 

L 

L 

L 

0 

l 0 = L 

Special Functions 

l 0 = H 

F| = HIGH 

L 

L 

L 

H 

1 

F = S Minus R Minus 1 plus 
Cn 

L 

L 

H 

L 

2 

F = R Minus S Minus 1 Plus 
Cn 

L 

L 

H 

H 

3 

F = R Plus S Plus Cn 

L 

H 

L 

L 

4 

F = S Plus Cp 

L 

H 

L 

H 

5 

F = § Plus Cp 

L 

H 

H 

L 

6 

F = R Plus Cp 

L 

H 

H 

H 

7 

F = R Plus Cp 

H 

L 

L 

L 

8 

Fj = LOW 

H 

L 

L 

H 

9 

F| = Rj AND Si 

H 

L 

H 

L 

A 

Fj = Rj EXCLUSIVE NOR Sj 

H 

L 

H 

H 

B 

F| = Rj EXCLUSIVE OR S| 

H 

H 

L 

L 

C 

Fj = Rj AND Sj 

H 

H 

L 

H 

D 

Fj = Rj NOR Sj 

H 

H 

H 

L 

E 

Fj = Rj NAND Sj 

H 

H 

H 

H 

F 

Fj = Rj OR Sj 


L = LOW H = HIGH I = 0 to 3 


Am2903As may be cascaded In either a ripple carry or 
lookahead carry fashion. When a number of Am2903As are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), Intermediate slice (IS), or least signifi¬ 
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 


are generated by the Am2903A and are available as outputs of 
the least significant and intermediate slices. 

The Am2903A also generates a carry-out signal, Cp + 4 , which 
is generally available as an output of each slice. Both the 
carry-in, Cn, and carry-out, On + 4, signals are active HIGH. 
The ALU generates two other status outputs. These are 
negative, N, and overflow, OVR. The N output Is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVR output 
indicates that the arithmetic operation being performed ex¬ 
ceeds the available two's complement number range. The N 
and OVR signals are available as outputs of th^ most 
significant slice. Thus,_the multipurpose S/N and P/OVR 
outputs indicate S and P at the least significant and intermedi¬ 
ate slices, and sign and overflow at the most^ significant slice. 
To some extent, the meaning of the Cp + 4 , P/OVR, and ^/N 
signals vary with the ALU function being performed. Refer to 
Table 5 for an exact definition of these four signals as a 
function of the Am2903A instruction. 

ALU Shifter 

Under instruction control, the ALU shifter passes the ALU 
output (F) non-shifted, shifts It up one bit position (2F), or shifts 
it down one bit position (F/2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation shifts data 
through this bit position (see Figure A). SIOq and SIO 3 are 
bidirectional serial shift inputs/outputs. During a shift-up oper¬ 
ation, SlOo is generally a serial shift input and SIO 3 a serial 
shift output. During a shift-down operation, SIO 3 is generally a 
serial shift Input and SIOq a serial shift output. 

To some extent, the meaning of the SIOq and SIO 3 signals is 
Instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SIOq (sign) 
input can be extended through Yo, Yi, Y 2 , Y 3 and propagated 
to the SIO 3 output. 

A cascadable, five-bit parity generator/checker is designed 
Into the Am2903A ALU shifter and provides ALU error 
detection capability. Parity for the Fq, f-\, F 2 , F 3 ALU outputs 
and SIO 3 input is generated and, under instruction control, is 
made available at the SIOq output. Refer to the Am2903A 
applications section for a more detailed description of the 
Am2903A sign extension and parity generation/checking 
capability. 

The Instruction Inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 
ALU shifter performs for each. When the Am2903A executes 
Instructions other than the special functions, the ALU shifter 
operation is determined by Instruction bits Is, I7, le. Is* Table 3 
defines the ALU shifter operation as a function of these four 
bits. 

Q Register . 

The Q Register Is an auxiliary four-bit register which Is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations; 
however, it can also be used as an accumulator or holding 
register for some applications. The ALU output, F, can be 
loaded into the Q Register, and/or the Q Register can be 
selected as the source for the ALU S operand. The shifter at 
the input to the Q Register provides the capability to shift the 
Q Register contents up one bit position (2Q) or down one bit 
position (Q/ 2 ). Only logical shifts are performed. QIOq and 
QIO 3 are bidirectional shift serial inputs/outputs. During a Q 
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Register shift-up operatior 
QIO 3 is a serial shift outp 
QIO 3 is a serial shift input 

, QlOo is a serial shift input and Am2903A Logical Shift Path 

ut. During a shift-down operation, 
and QlOn is a serial shift outout. 




— 1 1 — 1 





_L-J_ 1 _ 


Figure A. 

Am2903A Arithmetic Shift Path 

All 

Slice Positions 

DF000420 

S 103 

■ 



uouDie-iengin ariinmeiic ana logicai snining capaoiiixy is 
provided by the Am2903A. The double-length shift is per- 

_ 1 _ 1 _ 


M<m 

Significant 

Slice 

Tormea oy conneciing UIU 3 or me mosi signmcani slice 10 
SlOo of the least significant slice, and executing an instruction 
which shifts both the ALU output and the Q Register. 

DF000430 Q RQgjster and shifter are controlled by the instruction 

inputs. Table 4 defines the Am2903A special functions and the 
operations which the Q Register and shifter perform for each. 

SIO 

3^ 

1 1 1 

, SIOq 

wnen tne AmzyuaA executes instructions otner man me 
special functions, the Q Register and shifter operation is 


_l_ 1 _ 1 _ 


coniroiiea oy insiruciion diis 13 , 17 , i 6 . » 5 - ' aoie a aeiines me u 
siflniSitor Register and shifter operation as a function of these four bits. 

Intermediate Slice 

DF 000410 Output Buffers 

The DB and Y ports are bidirectional I/O ports driven by three- 
state output buffers with external output enable controls. The 

Y output buffers are enabled when the OEy input is LOW and 
are in the high impedance state when OEy is HIGH. The DB 
output buffers are enabled when the OEb input is LOW. 

TABLE 3. ALU DESTINATION CONTROL FOR Iq OR li OR I 2 OR I 3 = HIGH, lEN = LOW. 

Is I 7 l6 Is 

Hex 

Code 

ALU Shifter 
Function 


YS 

Y2 

1 

Yo 

SlOo 

Write 

Q Reg & 
Shifter 
Function 

Q 103 

QlOo 


other 

Slices 

Most Sig 
Slice 

other 

Slices 

Most Sig 
Slice 

other 

Slices 

L L L L 

■1 



[QQQI 

Fa 



lai 

lai 

£1 

IH 

L 

ISlBBi 

EBB 

Bm\ 

L L L H 

■■ 


m 


QSSylll. 

ggSHi 


SB 

lai 

lai 

EBB 

earn 

L 

qqqSBI 

BBS 

ESI 

L L H L 





BB 



■ 

m 

B 

IB 

L 

ibesb 

qBBI^B 

Input 

Qo 

L L H H 

3 

Log. F/2- 


Input 



IQIII 



m 


HB 

L 



B 

L H L L 

4 

F-y 

Input 

[QQQI 

F3 

IS 

Fa 

I^H 

Bm 



L 


qqB 

QQI 

L H L H 

5 

F-y 

Input 

IQQIII 

Bl 

■ 

BB 


Bl 



Bl 



Ql 

L H H L 

6 

F-Y 

Input 

QQJQII 

Fa 

Bm 

F2 

lai 

Bm 

S 


■Si 

F-Q 

QQB 

mm 

L H H H 

7 

F-Y 

Input 

QSSl 

Fa 


F2 

lai 

Bm 


[jj^^B 

L 

F-Q 

IQQB 

IJQI 

H L L L 

8 


m 

F2 

Bm 

Fa 

IS 

Fi 

Bm 



|]i[^|QB 

L 


[JOB 

EBB 

■!■■■!■ 

9 

Log. 2F-y 

Fa 

Bm 

F2 

lai 

Fi 

Bm 

Fo 

SlOo 

Input 

L 


QQB 

EBB 


D 

Arith. 2F- 

Y 

Bl 

Fa 

Fa 

■ 

BB 

m 

B 

HQ 


L 


Ql 


H L H H 

B 

Log. 2F-Y 



BB 

■ 

m 

Fi 

B 



L 



IQHI 

H H L L 

a 

F-Y 

Fa 

Fa 

F3 

F3 

F2 


am 

s 


H 


l!MI 

iSHm 


B 

F-*Y 

Fa 

Fa 



F2 

F2 

m 

Fo 





HHHI 

mm 

B 


SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

SlOo 

Input 

L 



QQI 


lEJ 

F-Y 

Fa 

E9HI 

Fa 

Fa 

F2 


Bm 

Bm 

GBEH 

L 

li&BBB 

iRIW 

RICTI 

Parity - F3 V F2 V Fi V Fq V SIO 3 L * LOW Hi-Z = High Impedance 

V » Exclusive OR H = HIGH 
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TABLE 4. SPECIAL FUNCTIONS FOR I 4 = 

ii 

II 

n 

1 = *0 = 

= LOW (Note 4) 











Q Reg & 
Shifter 
Function 




(Hex) 

islyleis 

Special Function 

ALU Function 

ALU Shifter 
Function 


Other 

Slices 


Q 103 

QlOo 

WRITE 

0 

Unsigned Multiply 

F = S + CnifZ = L 

F = R + S + CnifZ = H 

Log F/2-Y 
(Note 1) 

Hi-Z 

Input 





L 

1 

(Note 5) 








_ 


2 

Two's Complement 
Multiply 

F-S + CnifZ = L 

F = R + S + Cn if Z = H 

Log F/2-Y 
(Note 2) 

Hi-Z 

Input 

H 




L 

3 

(Note 5) 





■■ 

HHHi 



■■ 

4 

Increment by 

One or Two 

F = S + 1 + Cn 

F-Y 

Input 

Input 


muQnii 



L 

5 

Sign/Magnitude 

Two's Complement 

F = S + CnifZ = L 

F-5 + CnifZ-H 

F-*Y 
(Note 3) 

Input 

Input 




my 

L 

6 

Two's Complement 
Multiply, Last Cycle 

F*=S + CnifZ = L 

F = S- R-1+CnifZ = H 

Log F/2-Y 
(Note 2) 

Hi-Z 

Input 

H 




L 

7 

(Note 5) 










8 

Single Length 

Normalize 

F = S + Cn 

F-Y 

F 3 

F 3 





L 

9 

(Note 5) 










A 

Double Length 
Normalize and First 
Divide Op 

F = S + Cn 

Log 2F-*Y 

R 3 V F 3 

1^3 





B 

B 

(Note 5) 










C 

Two's Complement 
Divide 

F = S+ R + CnifZ = L 

F = S-R -1 + Cn if Z = H 

Log 2F-*Y 

R 3 ^ F 

F3 





L 

D 

(Note 5) 










E 

Two's Complement 
Divide Correction 
and Remainder 

F = S + R + Cn ifZ = L 

F = S-R-1 +Cn if Z = H 

F-»Y 

F 3 

F3 

Q 




1 

F 

(Note 5) 





IBi 

HHHI 


■I 


Notes: 1. At the most significant slice only, the Cn + 4 signal is internally gated to the Yg output. 

2. At the most significant slice only, F 3 V OVR is internally gated to the Y 3 output. 

3. At the most significant slice only, S 3 V F 3 is generated at the Y 3 output. 

4. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

5. Not valid. 


L 

H 

X 

= LOW 
= HIGH 
= Don't Care 

Hi-Z = High Impedance 

V = Exclusive OR 

Parity * SIO 3 V F 3 V Fg V Fi V Fq 





















The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a 

On the Am2903A, when lEN is HIGH, the WRITE output is 
forced HIGH and the Q Register and Sign Compare Flip-Flop 

zero detect status flag and generally indicates that the Y 0.3 
pins are all LOW. To some extent the meaning of this signal 
varies with the instruction being performed. Refer to Table 5 
for an exact definition of this signal as a function of the 
Am2903A instructions. 

contents are preserved. When lEN is LOW, the WRITE output 
is enabled and the Q Register and Sign Compare Flip-Flop can 
be written according to the Am2903A instruction. The Sign 
Compare Flip-Flop is an on-chip flip-flop which is used during 
an Am2903A divide operation (see Figure B). 

Instruction Decoder 


Programming the Am2903A Slice Position 

The Instruction Decoder generates required internal control 
signals as a function of the nine instruction inputs, Iq-s; the 
Instruction Enable input, lEN; the LSS input; and the WRITE/ 

MSS input/output. 

Tying the L§S input LOW programs the slice to operate as a 
least significant slice (LSS) and enables the WRITE output 
signal onto the WRITE/MSS bidirectional I/O pin. When LSS 

Is tied HIGH, the WRITE/MSS pin becomes an input pin; tying 
the WRITE/MSS pin HIGH programs the slice to operate as 

The WRITE output is LOW when an instruction which writes 
data into the RAM is being executed. Refer to Tables 3 and 4 

an Intermediate slice (IS) and tying it LOW programs the slice 
to operate as a most significant slice (MSS). The WRITE/MSS 

for a definition of the WRITE output as a function of the 
Am2903A instruction inputs. 

pin must be tied HIGH through a resistor. WRITE/MSS and 
LSS should not be connected together. 
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TABLE 5. Am2903A STATUS OUTPUTS 





Z(OEy = LOW) 


Most Sig Intermediate Least Sig 
Slice Slice Slice 


V0Y1Y2Y3 YoYiY 2?3 Y0Y1Y2Y3 




5 i 

luSflll 

Cn + 3 Y 

Cn + 4 

P 

P3 




YoYiY 2?3 



Y 0 Y 1 Y 2 Y 3 I Y 


^ 0 YiY 2 Y 3 Y0Y1Y2Y3 I Y0Y1Y2Y3 


Y0Y1Y273 I YoYi? 2'?3 T ^ 0 YiY 2 Y 3 




YoYiY 2?3 I Y0Y172Y3 I Y0Y1Y2Y3 


Y0Y1Y2Y3 Y0Y1Y2Y3 Y0Y1Y2Y3 


Y0Y1Y2Y3 Y0Y1Y2Y3 


_ EHsaai 

■aabeCTMSiftaaBBBBSi 





Notes:1. If L5§ is LOW. Gq^Sq and Gi 2 3 = 0. If L55 is HIGH. Gq 12 3 = 0. 

2. If ESS is LOW, Po “ 1 and Pi 2, 3 = Si, 9 3- If is HIGH’, R = Sj. 

3. At the most significant slice, Cn + 4 = Q3’ v Q2. At other slices, Cn + 4 = G v PCp. 

4. At the most significant slice, Cn + 4 = F3 V F2. At other slices, Cn + 4 = G v PCn- 

5. Z“Qo Ql ^2^3 ^0 ^2 F 3 . 

6. Not valid. 

L » LOW = 0 
H » HIGH = 1 
v-OR 
A-AND 

V-EXCLUSIVE OR 
P«P3P2PlPo 

G * G3 V G2P3 V G1P2P3 V G0P1P2P3 
Cn + 3= C2 V G1P2 V G0P1P2 V CnPoPlP2 
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Am2903A SPECIAL FUNCTIONS 

The Am2903A provides nine Special Functions which facilitate 
the implementation of the following operations: 

• Single- and Double-Length Normalization 

• Two's Complement Division 

• Unsigned and Two's Complement Multiplication 

• Conversion Between Two's Complement and Sign/Magni¬ 
tude Representation 

• Incrementation by One or Two 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am2903A. These functions provide both single- and 
double-precision divide operations and can be performed in 
"n" clock cycles, where "n" Is the number of bits in the 
quotient. 


The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively, in n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional subtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 

The Sign/Magnitude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed In Sign/Magnitude representation can be convert¬ 
ed to the Two's Complement representation, and vice-versa, 
In one clock cycle. 

The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful in 16-bit word, byte-addressable ma¬ 
chines, where the word addresses are multiples of two. 

Refer to Am2903A applications section for a more detailed 
description of these Special Functions. 


Figure B. Sign Compare Fiip-Flop 



The sign compare signal appears at the Z output of the most signifi¬ 
cant slice during special functions C and E. Refer to Table 5. 


CYCLE TIMES FOR 16-BIT SYSTEM FOR 
COMMON OPERATIONS 

The illustration below shows a typical configuration using 4 
Am2903A Superslices, an Am2902A carry lookahead chip, 
and the Am2904 for shift multiplexers, status registers, and 
carry-ln control. For the system enclosed within the dashed 
lines, there are four major switching paths whose values for 
various kinds of cycles are summarized below, and shown on 
the timing waveform. 

1. MICROCYCLE TIME (TCHCH). 

The minimum time which must elapse between a 
LOW-TO-HIGH clock transition and the next LOW-TO- 
HIGH clock transition. 

2. DATA SET-UP TIME (TDVCH). 

The minimum time which must be allowed between 
valid, stable data on the D inputs and the clock LOW- 
TO-HIGH transition. 

3. D TO Y (TDVYV). 

The maximum time required to obtain valid Y output 
data after the D inputs are valid. This is the combina¬ 
tional delay through the parts from D to Y. 

4. CP TO Y (TCHYV). 

The maximum time required to obtain valid Y outputs 
after a clock LOW-TO-HIGH transition. 


The types of cycles for which data is summarized are as 
follows: 

1. Logic - Any logical operation without a shift. 

2. Logic Rotate - Any logic operation with a rotate or 

shift. 

3. Arithmetic ~ An add or subtract with no shift. 

4. Multiply - The first cycle of a 2's complement multiply 

Instruction. Subsequent cycles require less 
time. 

5. Divide - The iterative divide cycle. The first divide in¬ 

struction and the last divide (correction) in¬ 
struction require less time. 


Time in ns Over Commerciai 
Operating Range 


CYCLE 

TCHCH 

TDVCH 

TDVYV 

TCHYV 

LOGIC 

99 

79 

59 

81 

LOGIC ROTATE 

118 

99 

79 

98 

ARITHMETIC 

130 

109 

91 

112 

MULTIPLY 

152 

113 

95 

135 

DIVIDE 

139 

113 

95 

121 
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16-Bit System with Am2903A, Am2902A, Am2904 


FROM MICROPROGRAM 

I>IN MEMORY 



Y-OUT 


DF000441 


Timing Waveforms for Data in, Ciock, and Y Out 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150°C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc rnax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

— 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

. 

Output HIGH Voltage 

Vcc * min 

V|N = V|H or V|L 

•oh = -1 6 mA 

Y 0 -Y 3 . ?5/N 

2.4 



Volts 

•oh “ -800pA 

DBo- 3 . p/ovr 

SlOo, SIO 3 , QlOo, QIO 3 , 
write, Cn + A 

2.4 



•CEX 

Output Leakage Current 
for Z Output (Note 4) 

Vcc “ min, Voh = 5 . 5 V 

V|N “ ViH or V|L 



250 

mA 

VOL 

Output LOW Voltage 

Vcc min 

V|N = ViH or = V|L 

Yo. Yi, Y 2 

V3. Z 

lOL“20mA (COM’L) 



0.5 

Volts 

IOL = 16mA (MIL) 

DBq, DBi, 

DB 2 , DB 3 

IOL= 12mA (COM'L) 



0.5 

lot = 8.0mA (MIL) 

5/n 

Iql *= 18mA 



0.5 

P/OVR 

lOL = 10mA 



0.5 

Cn + 4i SlOo 
SIO 3 , QlOo 
QIO 3 . WRTfE 

Iql = 8 . 0 mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 6 ) 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 6 ) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, liN = -18mA 



-1.5 

Volts 

III 

Input LOW Current 

Vcc = max, V|n = 0 . 5 V 
(Note 4) 

Cn 



-3.6 

mA 

Yo. Yi. Y 2 . Y 3 



-1.13 

Iq. If. I 2 . I 3 . U 

DAq, DAi, DA 2 , DA 3 



-0.72 

SlOo, SIO 3 , QlOo, 

QIO 3 , MS5. DBo, DBi 

DB 2 , DB 3 



-0.77 

All other inputs 



-0.36 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 
(Note 4) 

Cn 



200 

iuA 

Yo. Yi, Y 2 . Y 3 



110 

I 0 -I 4 , DA 0 -DA 3 



40 

SlOo, SIO 3 , QlOo, 

QIO 3 , DB 0 . 3 , 



90 

All other inputs 



20 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.OX to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55X to +125X 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 



5-36 


03579B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2903A 

















Input HIGH Current 


Off State 

(HIGH Impedance) 
Output Current 

Output Short Circuit 
Current (Note 3) 


Vcc = max, 

(Note 4) 


Vcc = max, V|n = 5.5V __ 

Vo = 2.4V 
_ Vq = 0.5V 

DBo- 3 . QlOn. QIO.q. _ ^0 = 2.4V 

SlOo, SIO 3 , WRITE/MSS Vq = 0.5V 


Vcc = max + 0.5V 

Vo = 0.5V 


Ta = 0 to 70°C 

Power Supply Current ^ Ta = 70®C 

''CC = MAX -______ 

Tc“125'C 


Notes: 1. Typical limits are at Vcc “5 0 V, 25®C ambient and maximum loading. 


Power Supply Current 
(Note 5) 


2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Yo- 3 , DB 0 . 3 , SIOo, 3 , QIOo ,3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector 
output internally connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF 
state. 

5. Worst case Icc is at minimum temperature. 

6 . These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested). 


Am2903A Burn-in and Life Test Circuit 


Po Am9316 


MR TC I 


CP le Ig OAo DA 2 EA LSS lEN OEY OEB 


Vcc gnd I 7 Is 


l 3 lo DA, DA 3 WE 


36 13 33 35 9 8 42 4 
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I. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The Am2903A switching characteristics are a function of the 
power suppiy voltage, the temperature, and the operating 


1-1. Am2903A GUARANTEED COMMERCIAL 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
Am2903A over the commercial operating range of 0 to + TO^C 
with Vcc from 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


TABLE A. CLOCK AND WRITE PULSE CHAR¬ 
ACTERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

15ns 


mode of the devices. The data has been condensed onto the 
tables below. All numbers in the tables are in ns. 


TABLE B. ENABLE/DISABLE 

TIMES ALL FUNCTIONS 


From 

To 

Enable 

Disable 

OEY 

Y 

25 

21 

OEB 

DB 

25 

21 


DA 

25 

21 

Is 

SIO 

25 

21 

Is 

QIC 

38 

38 

IS765 

QIC 

38 

38 

I 432 IO 

QIC 

38 

38 

Ess 

WR 

25 

21 


Note: Cl = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 


INDEX TO SWITCHING TABLES 


Table 

Data Type 

Conditions 

Applicable to 

A 

Clock and Write Pulse 

4.75 to 5.25V, 0 to 70X 

All Functions 

B 

Enable/Disable Times 

4.75 to 5.25V, 0 to 70‘‘C 

All Functions 

C 

Setup and Hoid Times 

4.75 to 5.25V, 0 to 70X 

All Functions 

1-2 

Combinational Delays 

4.75 to 5.25V, 0 to 70X 

Standard Function and Incre¬ 
ment by 1 or 2 

1-3 

Combinational Delays 

4.75 to 5.25V, 0 to 70‘’C 

Multiply Instructions 

1-4 

Combinational Delays 

4.75 to 5.25V, 0 to 70^ 

Divide Instructions 

1-5 

Combinational Delays 

4.75 to 5.25V, 0 to 70‘’C 

Sign Magnitude to Two's 
Complement Conversion 

1-6 

Combinational Delays 

4.75 to 5.25V, 0 to 70°C 

Single Length Normalization 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 




HIGH-to-LOW 

LOW-to-HIGH 






Tpwl 











From 

With Respect to 

Setup 

Hold 



Comments 

Y 

CP 

Don't Care 

Don't Care 

14 

3 

Store Y in RAM/Q (Note 1) 


CP 

15 

Tpwl 

0 

Prevent Writing 

WE LOW 

CP 



15 

0 

Write into RAM 

A, B Source 

CP 

20 

3 


Don't Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

Tpwl 

3 

Write Data into B Address 

QlOo, 3 

CP, 

Don't Care 

Don't Care 

17 

3 

Shift Q 

*8765 

CP 

12 

- 

20 

0 

Write Into Q (Note 2) 

\ER High 

CP 

- 


0 

Prevent Writing into Q 

lEN Low 

CP 

Don't Care 

Don't Care 

21 

0 

Write into Q 

*43210 

CP 

18 

- 

32 

0 

Write into Q (Note 2) 

Note 1 : 
Note 2: 

Note 3: 

Note 4: 

Note 5: 
Note 6 : 
Note 7: 

Note 8 : 

The Internal Y-bus to RAM setup condition will be met 5ns after valid Y output (OEY = 0). 

The setup time with respect to CP falling edge is to prevent writing. The setup time with respect to CP rising edge is to 
enable writing. 

For all other set up conditions not specified in this table, the set up time should be the delay to stable Y output plus the Y 
to RAM Internal setup time. Even if the RAM Is not being loaded, this set up condition ensures valid writing into the Q 
register and sign compare flip flop. 

Wl controls writing into the RAM. lEN controls writing into Q and, indirectly, controls through the WRITE/MSS output. 

To prevent writing, TbR and WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has 
gone LOW to cause a write provided the WE LOW and lEN LOW set-up times are met. Having gone LOW, they should not 
be returned HIGH until after the clock has gone HIGH. 

A and B addresses must be set-up prior to the clock HIGH-to-LOW transition to latch data at the RAM output. 
Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

Because I 9765 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock 
LOW time unless lEN Is HIGH, which prevents writing. 

The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH-to- 
LOW transition and the clock LOW time. The actual set-up time requirement on I43210 relative to the clock LOW-to-HIGH 
transition is the longer of (1) the set-up time prior to clock L H, and (2) the sum of the set-up tihrie prior to clock H - L and 
the clock LOW time. 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 


1-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4) 

I 


From 

Y 

!- 

Cn 4 

G, P 

I - 

Z 

N 

OVR 

A. B Addr 

67 

55 

52 

74 

61 

67 

DA, DB 

58 

I 50 

40 

65 

54 

58 

On 

33 

! 18 

- 

35 

28 

26 

le-o 

64 

64 

50 

72 

61 . 

62 

CP 

58 

42 

43 

61 

54 

58 

SlOo, 3 

23 

- 

- 

29 

- 

- 

mSS 

44 

- 

44 

44 

44 

44 


Notes: 1. A means the delay path does not exist. 
Standard Functions: See Table 2 li 


Increment SF 4: F = S + 1 -f Cn 
y ^ 17(gg y = H) 
lER WhiTC/ = 20 

OUTPUT » DA _ OUTPUT 


slOo 

SIO3 

SlOo 

Parity 

41 

62 

78 

35 

59 

65 

23 

30 

38 

50 

62 

74 

37 

54 

60 

- 

29 

19 

44 

44 

44 


I-3 MULTIPLY INSTRUCTIONS <SF 0, SF 2, SF 6) 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 


1-4 DIVIDE INSTRUCTIONS (SF A, SF C, SF E) 



To 

From 


Y 

Cn + 4 

e, p 

z 

N 

OVR 

mm 

WR 

QIOo,3 

S 103 


MSS 


61/55 

- 

74/- 

61 

67 

28 

- 

- 

62 

A, B Addr 

IS 

67 

55 

52 

74/- 

- 

- 

28 

- 

- 

62 


LSS 

67 

55 

52 


- 

- 

28 

- 

- 

62 


MSS 

58 

ESE3I 

- 



58 

- 

- 

- 

59 

DA. DB 

IS 

58 

imiiii^iiiiiiii 

40 

■l.tw 

- 

- 

- 

- 

- 

59 


LSS 

58 

50 



- 

- 

- 

- 

- 

59 


MSS 

33 

33/18 

- 


28 

27 

- 

- 

- 

32 

Cn 

IS 


18 

- 

ksesi 

- 

- 

- 

- 

- 

30 


LSS 

33 

18 

- 


- 

- 

- 

- 

- 

30 


MSS 



- 

72/29 



- 

_ 

26 


•8-0 

IS 



50/70 


- 

- 

- 

- 

26 

62/83 1 


LSS 

64/84 



BSSii 

- 

- 

- 

34 

26 



MSS 



- 

61/25 

54/66 

58/66 

22 

- 

22 


CP 

IS 

58 

42 

43 

61/- 

- 

- 

22 

- 

22 

54 


LSS 

58 

42 

43 

61/- 

- 

- 

22 

- 

22 

54 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Z 

IS 

lEBSSlil 

-/39 

-/41 

- 

- 

- 

- 

- 


-/54 


LSS 

BE^I 

-/39 

-/41 

- 

- 

- 

- 

- 

- 

-/54 

SIO 0.3 

Any 

23 

- 

- 

- 

- 

- 

- 

- 

HBH 

- 


Notes: 1. A means the delay path does not exist. 


Double Length Normalize and First Divide Op 

SF A: F = S + Cn 

Y = Log. F /2 
Q = Log. Q /2 

SIO3 - F3 © R3 (MSS) 

Cn + 4 ^ F3 © F2 (MSS) 

OVRj= Fj ®_Fi JMSS)_ 

Z = Qo Ql Q2 Q3 Fo ^2 ^3 

Two's Complement Divide 

SF C: F = R + S + Cn if Z *0 

F»S-R-1 + Cn if Z = 1 

Y = Log. F /2 
Q = Log. Q /2 

SI03 = F3 © R3 (MSS) 

Z = F3 © R3 (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SF E: F = R + S + Cn if Z = 0 
F = S-R -1 + Cn if Z = 1 
Y»F 

Q = Log. Q/2 

Z = F3 © R3 (MSS) from previous cycle 
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SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified. 

1-5 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 



_ __.. . . . -L, . . 1 .1. 1 - . J .. ■■■ J . . 1, 

Notes: 1 . A means the delay path does not exist. 

SF 5 : F = S + Cn if Z = 0 Y3 = S3 ® F3 (MSS) Q = Q 

F * 5 + Cn if Z = 1 Z = S3 (MSS) N = F3 if Z * 0 

N = F3 ® S3 if Z = 1 


1-6 SINGLE LENGTH NORMALIZATION (SF 8) 
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Am2903A 


II. Am2903A GUARANTEED MILITARY 
RANGE PERFORMANCE 


The Am2903A switching characteristics are a function of the mode of the devices. The data has been condensed onto the 

power supply voltage, the temperature, and the operating tables below. All numbers are in ns. 


INDEX TO SWITCHING TABLES 



Data Type 

Conditions 

Applicable to 

A 

Clock and Write Pulse 

4.75 to 5.25V, 0 to 70®C 

All Functions 

B 

Enable/Disable Times 

4.75 to 5.25V, 0 to 70‘»C 

All Functions 

C 

Setup and Hold Times 

4.75 to 5.25V, 0 to 70‘’C 

All Functions 

1-2 

Combinational Delays 

4.75 to 5.25V, 0 to 70®C 

Standard Function and Incre¬ 
ment by 1 or 2 

1-3 

Combinational Delays 

4.75 to 5.25V, 0 to 70X 

Multiply Instructions 

1-4 

Combinational belays 

4.75 to 5.25V, 0 to 70‘’C 

Divide Instructions 

1-5 

Combinational Delays 

4.75 to 5.25V, 0 to 70‘’C 

Sign Magnitude to Two's 
Complement Conversion 

1-6 

Combinational Delays 

4.75 to 5.25V, 0 to 70^C 

Single Length Normalization 


11-1. Am2903A GUARANTEED MILITARY 
RANGE PERFORMANCE 

The tables below specify the guaranteed performance of the 
Am2903A over the military operating range of 0 to + 70®C, with 
Vcc ^rom 4.75 to 5.25V. All data are in ns, with Inputs 
switching between 0 and 3V at iV/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 


TABLE A. CLOCK AND WRITE PULSE CHARAC¬ 
TERISTICS ALL FUNCTIONS 


Minimum Clock Low Time 

30ns 

Minimum Clock High Time 

30ns 

Minimum Time CP and WE both Low to Write 

30ns 


TABLE B. ENABLE/DISABLE 

TIMES ALL FUNCTIONS 


From 

To 

Enable 

Disable 

OEY 

Y 

25 

21 

OEB 

DB 

25 

21 


DA 

25 

21 

Is 

SIO 

25 

21 

Is 

QIC 

38 

38 

IS765 

QIC 

. 

38 

38 

*43210 

QIO 

38 

35 

LS§ 

WR 

30 

25 


Note: Cl = 5.0pF for output disable tests. 
Measurement is made to a 0.5V 
change on the output. 
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TABLE C. SETUP AND HOLD TIMES ALL FUNCTIONS 





HIGH-to-LOW 

LOW-to-HIGH 






Tpwl 



From 

With Respect to 





Comments 

Y 

CP 



IQHHI 

3 

Store Y in RAM/Q (Note 1) 

We High 

CP 

^amm 

Tpwl 

0 

Prevent Writing 

WE LOW 

CP 



15 

0 

Write Into RAM 

A, B Source 

CP 

20 

3 

Don't Care 

Don't Care 

Latch Data from RAM Out 

B Destination 

CP 

6 

Tpwl 

3 

Write Data into B Address 

QIOo,3 


Don't Care 

Don't Care 

17 

3 

Shift Q 

18765 

CP 

12 

T_ 

20 

0 

Write into Q (Note 2) 


CP 

24 


0 

Prevent Writing into Q 

lEN Low 

CP 



21 

0 

Write into Q 

U3210 

CP 

18 

- 

32 

0 

Write into Q (Note 2) 

Note 1: 
Note 2; 

Note 3: 

Note 4; 

Note 5: 
Note 6: 
Note 7: 

Note 8: 

The internal Y-bus to RAM setup condition will be met 5ns after valid Y output (6EY = 0). 

The set-up time with respect to CP falling edge Is to prevent writing. The setup time with respect to CP rising edge Is to 
enable writing. 

For ail other set up conditions not specified in this table, the set up time should be the delay to stable Y output, plus the Y 
to RAM Internal setup time. Even if the RAM Is not being loaded, this set up condition ensures valid writing into the Q 
register and sign compare flip flop. 

WE controls writing Into the RAM. TEN controls writing Into Q and, indirectly, controls WE through the WRITE/MSS 
output. To prevent writing, TeR and WE must go HIGH during the entire clock LOW time. They may go LOW after the 
clock has gone LOW to cause a write provided the WE LOW and TEN LOW set-up times are met. Having gone LOW, they 
should not be returned HIGH until after the clock has gone HIGH. 

A and B addresses must be set-up prior to the clock HIGH-to-LOW transition to latch data at the RAM output. 
Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period. 

Because 18765 controls the writing or not writing of data into RAM and Q, they should be stable during the entire clock 
LOW time unless lEN is HIGH, which prevents writing. 

The set-up time prior to the clock LOW-to-HIGH transition occurs in parallel with the set-up time prior to the clock HIGH- 
to-LOW transition and the clock LOW time. The actual set-up time requirement on I 43210 relative to the clock LOW-to- 
HIGH transition is the longer of (1) the set-up time prior to clock L -H, and (2) the sum of the set-up time prior to clock H 
-^L and the clock LOW time. 
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Am2903A 



Notes: 1. A means the delay path does not exist. 


Standard Functions; See Table 2 


Increment SF 4: F = S + 1 + Cn 
Y Z « 17(5 e Y * H) 
lEN ^ WRITE/K^ * 20 
EA-. OUTPUT = DA ^OUTPUT 


11-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 


WRITE/ 

OVR DB MSS 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 


11-4 DIVIDE INSTRUCTION (SF A, SF C, SF E) 



To 

From 


Y 

Cn + 4 

G. P 

z 

N 


DB 





MSS 

70 

72/58 

- 

78/- 

68 

67 

28 

- 

- 

71 

A, B Addr 

IS 

70 

58 

52 

78/- 

- 

- 

28 

- 

- 

71 


LSS 

70 

58 

52 

78/- 

- 

- 

28 

- 

- 

71 


MSS 

60 

66/52 

- 

66/- 

55 

58 

- 

- 

- 

61 

DA, DB 

IS 

60 

52 

40 

66/- 

- 

- 

- 

- 

- 

61 


LSS 

60 

52 

40 

66/- 

- 

- 

- 

- 

- 

61 


MSS 

35 

37/19 

- 

41/- 

31 

29 

- 

- 

- 

36 

Cn 

IS 

35 

19 

- 

41/- 

- 

- 

- 

- 

- 

33 


LSS 

35 

19 

- 

41/- 


H9H 

[BHI 

H9H 


33 


MSS 

72/96 

89/79 

- 

80/33 


B^EDl 

- 

- 

26 

76/98 

is-o 

IS 

72/96 

69/79 

56/79 

80/- 

- 

- 

- 

- 

26 



LSS 

72/96 

69/79 

56/79 

80/- 

- 

- 

- 

36 

26 

75/98 


MSS 

60/91 

51/74 

- 

67/28 



22 

- 

25 

61/93 

CP 

IS 

60 

42 

43 

67/- 

- 

- 

22 

- 

25 

61 


LSS 

60 

42 

43 

67/- 

- 

- 

22 

- 

25 

61 


MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Z 

IS 

-/63 

-/46 

-/46 

- 

- 

- 

- 

- 

- 

-/65* 


LSS 

-/63 

-/46 

-/46 

- 

- 

- 

- 

- 

- 

-/65 

SIOo -3 

Any 

26 

- 

- 

- 

- 

- 

- 

- 

- 

- 


Notes: 1, A means the delay path does not exist. 


Double Length Normalize and First Divide Op 

SF A: F = S + Cn 

SIO3 = F 3 e R3 (MSS) 

Cn + 4 = F3 ® ^2 (MSS) 

OVR = l^®_Fi JM^)_ 

Z = Qq Ql Q2 Q3 Fq ^2 F3 

Y = Log. F /2 
Q = Log. Q /2 

Two's Complement Divide 

SF C: F = R + S + Cn if Z = 0 

F = S-R -1 + Cn if Z = 1 

Y = Log. F /2 
Q = Log. Q /2 

SIO3 = F3 ® R3 (MSS) 

Z = F3 ® R3 (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SF E: F = R + S + Cn If Z = 0 
F = S-R -1 +Cn If Z = 1 

Y = F 

Q=J^g. Q /2 

Z = F3 ® R3 (MSS) from previous cycle 
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified. 

IhS SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 


To 


From 

Slice 

B 


m 

z 




WRifE/ 



A, B Addr 

MSS 

114 

95 

- 

49 


106 

28 

- 

- 

125 

IS 

70 

58 

52 


- 

- 

28 

- 

- 

84 

LSS 

70 


52 

Bi 

- , 

- 

28 

- 

- 

84 


MSS 


89 

- 

43 

101 

101 

- 

- 

- 

119 

IS 

60 

52 

40 

■hh 



bbb 

BBH 

bbh 

74 

LSS 

60 

52 

40 

- 

- 

- 

- 

- 

- 

74 

Cn 

MSS 

36 

19 

- 

- 

35 

29 

- 

- 

- 

40 

IS 

35 

19 

- 

- 

- 

- 

- 

- 

- 

40 

LSS 

35 

19 

- 

- 

- 


- 

- 

- 

40 



98 

79 

- 


97 

88 

- 

- 

26 

109 

IS 

98 

79 

73 

- 

- 

- 

- 

- 

26 

109 

LSS 

98 

79 

73 

- 

- 

- 

- 


26 

109 


MSS 


89 

- 

43 

IBIQIII 

101 

22 

- 

25 

119 

IS 

60 

42 

43 

- 

- 

- 

22 

- 

25 

66 

LSS 

60 

42 

43 

- 

- 

- 

22 

- 

25 

66 

BHI 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

LSS 

65 

46 

40 

- 

- 

- 

- 

- 

- 

76 

m 


■■H 

■HI 

■■■ 

■HI 

HHI 

IHH 

HBB 




SIOo-3 


■■■ 

■Hi 

HBH 

HHI 

HHI 

■BH 

bbh 

- 

- 

- 

Notes: 1. A means the delay path does not exist. 

SF 5: F - S + Cn If Z » 0 Y 3 * S 3 © F 3 (MSS) Q = Q 

F * § + Cn If Z » 1 Z * S 3 (MSS) N * F 3 ; Z » 0 

Y »F N = F 3 ® S 3 : Z = 1 

11-6 SINGLE LENGTH NORMALIZATION (SF 8) 

From 



B 


■91 




B 

WrtiTE/ 

llss 


II^SI 

A, B Addr 

MSS 

70 

- 

- 

- 

- 

- 

28 

- 

- 

71 

IS 

70 

58 

52 

- 

_ 

- 

28 

- 

- 

71 

LSS 

70 

58 

52 

- 

- 

- 

28 

- 

- 

71 

DA, DB 

MSS 

60 

- 

- 

- 

- 

- 

_ 

- 

- 

61 

IS 

60 

52 

40 

- 

- 

- 

- 

- 

- 

61 

LSS 

60 

52 

40 

- 

- 

_ 

- 

- 

- 

61 

mnn 

MSS 

35 

- 

- 

- 

- 

- 

- 

- 

- 

33 

IS 

35 

19 

- 

- 

- 

- 

- 

- 

- 

33 

LSS 

35 

19 

- 

- 

_ 

- 

- 

- 

- 

33 

■■HI 

MSS 

72 

47 

- 

33 

27 

27 

- 

- 

26 

75 

IS 

72 

69 

56 

33 


- 

- 


26 

75 

LSS 

72 

69 

56 

33 

- 

- 

- 


26 

75 

CP 

MSS 

60 

31 


28 

26 

31 

22 

- 

25 

61 

IS 

60 

42 

43 

28 

- 

- 

CM 

CM 

- 

25 

61 

LSS 

60 

42 

43 

28 

- 

- 

22 

- 

25 

61 

z 

MSS 

- 

- 

- 

- 

- 

- 


- 

- 

- 

IS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LSS 

- 

- 

- 

- 

- 

- 

IBB 

IBB 

IBB 

IBBBH 

SIOo.3 

Any 

26 

- 

- 

^ - 

■bh 

[BB 

lam 

IHH 

IBB 

BBBH 

Notes: 1. A means the delay path does not exist. 

SF 8: F * S + Cn Cn + 4 = Q 3 ® Q 2 . (MSS) OVR * Q 2 ® Qi (MSS) 

N = Q 3 (MSS) Z - 5o Ql Q 2 Q 3 

Y»F 

Q = Log. Q/2 
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Am2904 

Status and Shift Control Unit 


DISTINCTIVE CHARACTERISTICS 


• Replaces most MSI used around any ALU - 

including the Am2901, Am2903, Am29203 and MSI 
ALUs. 

e Generates Carry-in to the ALU - 

Carry signal Is selectable from 7 different sources. 

• Contains shift linkage multiplexers - 

Connects to shift lines at the ends of an Am2901, 
Am2903, or Am29203 array to implement single and 
double length arithmetic and logical shifts and rotates - 
32 different modes in all. 


• Contains two edge-triggered status registers - 

Use for foreground/background registers in controllers 
or as microlevel and machine level status registers. Bit 
manipulating instructions are provided. 

• Condition Code Multiplexer on chip - 

Single cycle tests for any of 16 different conditions. 
Tests can be performed on either of the two status 
registers or directly on the ALU output. 


GENERAL DESCRIPTION 


The Am2904 Is designed to perform all the miscellaneous 
functions which are usually performed in MSI around an 
ALU. These Include the generation of the carry-ln signal to 
the ALU and carry lookahead unit; the interconnection of 
the data path, auxiliary register, and carry flip-flop during 
shift operations; and the storage and testing of ALU status 
flags. These tasks are accomplished in the Am2904 by 
three nearly independent blocks of logic. The carry-in is 


generated by a multiplexer. The shift linkages are estab¬ 
lished by four three-state multiplexers. There are two 
registers for storing the carry, overflow, zero, and negative 
status flags. The condition code multiplexer on the Am2904 
can look at true or complement of any of the four status bits 
and certain combinations of status bits from either of the 
storage registers or directly from the ALU. 






RELATED PRODUCTS 


Part No. 

Description 

Am2901 

4-Bit Microprocessor Slice 

Am2903 

Advanced 4-Bit Bipolar Microprocessor Slice 

Am29203 

4-Bit Bipolar Microprocessor Slice 

Am2910 

Microprogram Controller 

Am29811 

Next Address Control Unit for 2909A/11A 


For additional applications refer to Chapter 4 of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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Am2904 


D-40 


CONNECTION DIAGRAM 
Top View 

F-42-1 


Chip-Pak™ 

L-44-1 


CiM C 2 
•e C 

*3 C 

CZ 
tZ 
•z C 
Vcc C 

En C 
'n _ 
^ovn Cj 
•ovR 

6e; □ 




10 Am2904 31 


Z1 •« 

ZI '9 
ID >10 
ID St 
ID 8IOo 

D8»n 
CMOo 
QIO„ 
plYz 
Vc 
ONO 
M Yn 
□ YovR 
M CT 
CicT 
ID Co 
I] Cx 
H Il2 
D 111 
H h 



u i 


CD004130 



CD004140 

Note: Pin 1 is marked for orientation 
NC = No Connection. 


LOGIC SYMBOL 
(DIP) 


METALLIZATION AND PAD LAYOUT 



10 I gnd 

141312 11 I 9 87 



26 27 28 29 30 31 32 33 34 35 
GND 

DIE SIZE 0.140" X 0.161' 

Pad Numbers correspond to DIP pinout 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2904 


C B 

Valid Combinations 

•-Screening Option 


DC, DCB, DMB 
FMB 

LC, LMB 

Blank - Standard processing 


B - Burn-in 

Am2904 

-Temperature (See Operating Range) 

C - Commercial (0®C to + ZO^C) 


XC, XM 


M - Military (-55°C to +125X) 

- Package 
D - 40-pin CERDIP 
F - 42-pin flatpak 
L - 44-pin leadless chip carrier 
X - Dice 


Device type 

Status and Shift Control Unit 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Am2904 


PIN DESCRIPTION 



WfBt 

Description 

9 

iz 

I 

Zero status input pin, intended for connection to the Z outputs of the Am2903 or the F = 0 outputs of the Am2901. 

12 

ic 

I 

Carry status input pin, intended for connection to the Cn -i- 4 output of the liiost significant ALU slice. 

14 

In 

I 

Sign status input pin, intended for connection to the most significant ALU slice. The connection is to the N pin on the 
Am2903, and the F 3 pin on the Am2901. 

16 


I 

Overflow status input pin, intended for connection to the OVR pin on the most significant ALU slice. 


l0-12 

I 

The thirteen instruction pins which select the operation the Am2904 is to perform. 

7 


I 

This pin, used in conjunction with Ez, Ec, In. Eqvr acts as the overall enable for the Machine Status Register. When 
the pin is LOW, MSR bits may be modified, according to the states of E 7 , Ec, En, Eqvr- VVhen HIGH, the MSR will 
retain the present state, regardless of the state of Ec, En, Eqvr- 

8 , 11, 13, 

15 

liEc 

I 

These pins, when LOW, enable the corresponding bits in the Machine Status Register. When HIGH, they will prevent 
the corresponding bits from changing state. By using these pins together with the CEfyi pin, MSR bits can be 
selectively modified. 

2 

SEm 

I 

This pin, when LOW, enables all four bits of the Micro Status Register. When this pin is HIGH, the juSR will not change 
state. 

32, 31, 29, 

28 

Yz. Yc. 

Yn. 

YoVR 

I/O 

These pins form a three-state bidirectional bus over which MSR and fiSR status can be read out or the MSR can be 
loaded in parallel. 

20 

0 Ey 

I 

When LOW, this pin enables the Y pins as outputs. When HIGH, the Y outputs are in the high impedance state. 

27 

CT 

o 

The conditional test output. The output of the Condition Code multiplexer appears here. 

26 

(5Ect 

I 

When this pin is LOW, the CT pin is active. When HIGH the CT pin is in the high Impedance state. 

36, 35, 34, 

33 

SlOo, 

SlOn 

QlOo 

QlOn 

I/O 

These pins complete the linking for the various shift and rotate conditions. SIOq is intended for connection to the SIOq 
pin of the least significant Am2903 slice (RAMq for Am2901). SlOn connects to the SIO 3 pin of the most significant 
Am2903 slice, (RAM 3 for Am2901). QIOq connects to the QIOq pin of the least significant Am2903 slice (QIOq for 
Am2901) and QlOn connects to the QIO 3 pin of the most significant Am2903 slice (Q 3 for Am2901). 

37 

§E 

I 

This pin controls the state of the shift outputs. When LOW, the shift outputs are enabled. When HIGH, the shift outputs 
are in the high impedance state. 

25 

Co 

0 

This pin is the output of the Carry-In Control Multiplexer. It connects to the Cp input of the least significant ALU slice, 
and the Cp input of the Am2902A. 

24 

mm 

I 

This pin is used as an input to the Carry-In Control Multiplexer which can route it to the Cq pin. The Cx pin is intended 
for connection to the Z output of the Am2903 to facilitate some of the Am2903 special instructions. 

17 

am 

I 

The clock input to the device. The juSR and MSR are modified on the LOW to HIGH transition of the clock input. All 
other portions of the Am2904 are combinational and are unaffected by CP. 
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Am2904 ARCHITECTURE 

The Am2904 Status and Shift Control Unit provides four 
functions which are included in ail processors. These are; a) 
Status Register, b) Condition Code Multiplexer, c) Shift Link¬ 
ages and d) Carry-in Control. The architecture and instruction 
codes have been designed to complement the flexibility of the 
2900 Family. 

Status Register 

The Am2904 contains two four-bit registers which can store 
the status outputs of an ALU: Carry (C), Negative (N), Zero (Z), 
and Overflow (OVR). They are designated Micro Status 
Register (/liSR) and Machine Status Register (MSR). Each 
register can be independently controlled. The registers use 
edge-triggered D-type flip-flops which change state on the 
LOW to HIGH transition of the Clock Input. 

The fxSR can be loaded from the four status inputs (Ic, In. ^Z. 
•ovr) or from the MSR under instruction control (Iq-s). The bits 
in the ^xSR can also be individu ally s et or reset under 
instruction control (Iq-s). When the CE/u input is HIGH, the 
juSR is inhibited from changing, independent of the Iq-s inputs. 

The MSR can be loaded from the four status inputs (Ic. In. Iz. 
•ovr). ^rom the jixSR, and from the four parallel input/output 
pins (Yc, Yn, Yz, Yqvr) under instruction control (Iq-s). The 
MSR can also be set, reset or complemented under Instruction 
control (lo-s)- The bits in the MSR can be selectively u pdated 
by cont rolling the four bit-enable input s (Ez . En, Eq, Eqvr) 
and the CEm input. A LOW on both the CEm Input and the bit 
enable input for a specific bit enables updating that bit. A 
HIGH on a given bit enable input prev ents the corresponding 
bit changing in the MSR. A HIGH on CEm prevents any bits 
changing In the MSR. 

The four parallel bidirectional input/output pins (Yz, Yn, Yq, 
Yqvr) aHow the contents of both the juSR and the MSR to be 
transferred to the system data bus and also allows the MSR to 
be loaded from the system data bus. This capability is used to 
save and restore the status registers during certain subrou¬ 
tines and when servicing interrupts. 

Condition Code Multiplexer 

The Condition Code Multiplexer output, CT, can be selected 
from 16 different functions. These Include the true and 
complemented state of each of the status bits and combina¬ 
tions of these bits to detect such conditions as "greater than", 
"greater than or equal to", "less than" or "less than or equal 
to" for unsigned or two's complement numbers. 

The Am2904 can perform these tests on the contents of the 
juSR, the MSR or the direct status inputs, (Iz, In. * 0 . Iovr)- The 
CT output is used as the test (C C) inpu t of the Am2910 and is 
provided with an output enable, OEct to make the addition of 
other condition inputs to this point easy. 

Shift Linkage Multipiexer 

The Shift Linkage Multiplexer generates the necessary link¬ 
ages to allow the ALU to perform 32 different shift and rotate 
functions. Both single length and double length shifts and 
rotates, with and without carry (Me), are provided. When the 
^ input is HIGH, the four input/output pins (SIOq, SlOp, 
QlOo, QlOn) are disabled. The SIOq, SlOp, QIOq, QlOp pins of 
the Am2904 are intended to be directly connected to the 
RAMo, RAMa, Qo and Q 3 pins of the AM2901 or the SIOq, 
SIO 3 , QIOq, QIO 3 pins of the Am2903. 

Carry-In Controi Muitipiexer 

The Carry-In Control Multiplexer generates the Cq output 
which can be selected from 7 functions ( 0 , 1 , Cx, juc. Me, juc. 


Me). These functions allow easy Implementation of both single 
length and double length addition and subtraction. The Cx 
input is intended to be connected to the Z output of the 
Am2903 to facilitate execution of some of the Am2903 special 
Instructions. The Cq pin is to be connected to the Cn pin of the 
least significant Am2901 or Am2903 and the Cp pin of the 
Am2902A. 

Am2904 INSTRUCTION SET 

The Am2904 Is controlled by manipulating the 13 instruction 
lines, I 0 - 12 . tog e ther with the nine enable lines, CEm, CE^, Ez, 
Ec, En, Eqvr. Olty, OEct. Most systems will save on 
microword bits by tying some of these lines to a fixed level or 
by connecting certain lines together, or by decoding microin¬ 
structions to generate appropriate Am2904 controls. 


Status Registers 

Instruction lines I 5 , 14 , 13 , 12 , h, lo control the Status Registers. 
Below, these lines are referred to as two octal digits. 


Micro Status Register (juSR) 

The instruction codes for the Micro Status Register fall Into 
three groups: Bit Operations, Register Operations and Load 
Operations (See Table 1 and Map 1). All operations require 
that CE;;x be LOW to operate. 


TABLE 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 



Bit Operations 

I 543210 

Octal 

ptSR 

Operation 

Comments 

10 


RESET ZERO BIT 

11 


SET ZERO BIT 

12 

0 -/UC 

RESET CARRY BIT 

13 

1 ^MC 

SET CARRY BIT 

14 

0 -MN 

RESET SIGN BIT 

15 

1 -MN 

SET SIGN BIT 

16 

0 -WDVR 

RESET OVERFLOW BIT 

17 


SET OVERFLOW BIT 


Register Operations 

>543210 

juSR 


Octal 

Operation 

Comments 

00 

Mx-MX 

LOAD MSR TO fxSR 

01 

1 -^MX 

SET /LtSR 

02 

Mx-^/iX 

REGISTER SWAP 

03 

O-^MX 

RESET /uiSR 
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Load Operations 

>543210 

Octal 

mSR 

Operation 

Comments 

06, 07 

iZ-MZ 

IC-MC 

In-mn 

Iqvr + wdvr-^movr 

LOAD WITH 

OVERFLOW RETAIN 

30, 31 

50, 51 

70, 71 

jZ-^MZ 

Ic-Mc 

In^MN 

Iqvr-^movr 

LOAD WITH 

CARRY INVERT 

04, 05 
20-27 
32-47 
52-67 
72-77 

Iz-Mz 

Ic-*MC 

In-^MN 

lOVR^POVR 

LOAD DIRECTLY 

FROM 

•z. ic. In. Iqvr 


Note: The above tables assume CEm is LOW. 


MAP 1. MICRO STATUS REGISTER 
INSTRUCTION CODES. 


028 This instruction SWAPS the contents of the /iSR 

and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 

038 This instruction RESETS all mSR bits. 

All instruction codes except those mentioned in 
the above two sections cause a LOAD operation 
from the Iz, Ic, In. Iovr inputs. 

008, 078 When a series of arithmetic operations are being 
executed sometimes it is not necessary to test for 
an overflow condition after each operation, but 
rather it is sufficient simply to know that an 
. overflow occurred during any one of the opera¬ 
tions. Use of these instructions captures the 
overflow condition by loading the /uSR overflow 
bit with the LOGICAL OR of Its present state and 
Iqvr- Thus, once an overflow occurs, pOVR will 
remain set throughout the remaining operations. 


308, 318, These instructions cause a load from the I inputs, 
508, 518, but invert the carry bit. The reason for this is 
708, 718 explained more fully under the "BORROW 
SAVE" section. 


All The remaining instructions load the pSR directly 

others from the Iz, Ic. In. Iqvr inputs. 


*210 


*54^ 

000 

001 

010 

Oil 

Lio^ 

101 

110 

[1,1 


000 

LOAD 

MSR 

TO MSR 

SET 

MSR 

REG 

SWAP 

RESET 

MSR 


LOAD WITH 
OVERFLOW 

RETAIN 


001 

RESET 

SET 

RESET 

SET 

RESET 

SET 

RESET 

SET 


AZ 

MZ 

MC 

MC 

mn 

MN 

MOVR 

MOVR 


01Q 










Oil 

LOAD WITH 

CARRY INVERT 








100 










101 

LOAD WITH 

CARRY INVERT 








110 










111 

LOAD WITH 

CARRY INVERT 









j - 1- ,-p-^ 


DF000890 

Notes: 1. All unmarked locations are a load 
direct from Iz, Ic. In. Iqvr- 


Machine Status Register (MSR) 

The instruction codes for the MSR fall into two groups; 

REGISTER Operations and LOAD Operations. All operations 

require that be LOW to operate (See Table 2 and Map 2 ). 

BIT operations are accomplished by the u se of Register or 

Load Operations with the Ez, En, Eqvr inputs selectively 

set LOW. 

Instruction codes 008-038 and 058 are REGISTER oper ations . 

They affect only those bits enabled by Ez, Ec, En, Eqvr- 

008 This Instruction loads the MSR from the Y inputs 

while transferring the present contents to the 
juSR. The use of this Instruction is further ex¬ 
plained under "INTERRUPTS". 

01 8 This Instruction SETS all enabled MSR bits. 

028 This instruction SWAPS the contents of the /uSR 

and the MSR. It will also COPY one register to the 
other if the register to be copied is not enabled. 

038 This instruction RESETS all enabled MSR bits. 

058 This Instruction COMPLEMENTS all enabled 

MSR bits. 


Instruction Codes 108 to 1 7s are BIT operations. These 
operations set or reset the individual bits in the pSR. 

Instruction Codes 008 to 038 are REGISTER operations. 
These operations affect all bits in the mSR. 

008 This instruction loads the /uSR with the contents 

of the MSR while loading the MSR from the Y 
inputs and Is further explained under "INTER¬ 
RUPTS". 

01 8 This instruction SETS all /utSR bits. 


All instruction codes except those mentioned in the above 
section cause a LOAD operation from the Iz, Ic. In. Iqvr 
inputs. 

048 The Am2904 Shift Linkage Multiplexer allows for 

shifts and rotates through the MSR CARRY bit. 
Some machihes require a shift or rotate through 
the OVERFLOW bit. By using this code, which 
swaps the contents of the MSR CARRY bit (Me) 
and OVERFLOW bit (Mqvr). fbe shift or rotate 
can be made to appear to take place through the 
OVERFLOW bit. The procedure is to swap the 
bits, shift or rotate (any number or positions) then 
swap the bits again. 
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TABLE 2. MACHINE STATUS REGISTER 
INSTRUCTION CODES 


Register Operations 

>543210 

Octai 

MSR 

Operation 

Comments 

00 

01 

02 

03 

05 

Yx-.Mx 

1 -Mx 

MX-Mx 

^-.Mx 

Mx-^Mx 

LOAD Yz, Yc, Yn, 

YovR to MSR 

SET MSR 

REGISTER SWAP 

RESET MSR 

INVERT MSR 


Load Operations 

>543210 

Octal 

MSR 

Operation 

Comments 

04 

Iz-Mz 

MoVR Me 

In-Mn 

Mc-MqvR 

LOAD FOR SHIFT 
THROUGH OVERFLOW 
OPERATION 

10 , 11 

30, 31 

50, 51 

70. 71 

IZ-^Mz 

IC-»Mc 

In-^Mn 

Iovr-Mqvr 

LOAD WITH 

CARRY INVERT 

06, 07 
12-27 
32-47 
52-67 
72-77 

IZ-Mz 

IC-»Mc 

In^Mn 

IqVR-MovR 

LOAD DIRECTLY 

FROM Iz. Ic 

In. Iqvr 


Notes:!. The a bove tables assume CEm, Ez, Ec, 

EqvR 2 ife LOW. 

2. A shift-through-carry instruction loads Me irre¬ 
spective of I5-I0. 


MAP 2. MACHINE STATUS REGISTER IN¬ 
STRUCTION CODES. 



06e, 078 These instructions load the MSR directly from the 
128-278 Iz. Ic. In. Iqvr inputs. 

328-478 

528-678 

728-778 

108, 110 These instructions cause a load from the I inputs 
308, 318 but invert the CARRY bit. The reason for this is 
508, 518 explained more fuliu under the 'BORROW SAVE' 
708, 718 section. 


Condition Code Muitipiexer 

The two instruction lines I 4 , I 5 select whether the pSR, the 
MSR or the direct inputs Iz, Ic. In. Iqvr are used as the inputs 
to the Y output buffer and the CT output (see Tables 3 and 4). 

The four instruction lines I 3 , I 2 , H, Iq will select one of 16 
possible operations to be carried out on the input bits, the 
result being routed to the Conditional Test Output (CT). Eight 
of the operations supply an individual status bit or its comple¬ 
ment to the CT output. Another four do more complex 
operations while the remaining four are the complemented 
results of these (See Table 4). 

The more complex operations are intended to follow the 
calculation A-B to give an indication of which is the larger (A, B 
unsigned) or more positive (A, B in 2's complement form). See 
Table 5. 


TABLE 3. Y OUTPUT INSTRUCTION CODES. 


OEy 

>5 

>4 

Y Output 

Comment 

H 

X 

X 

Z 

Output Off 

High Impedance 

L 

L 

X 

Mi-Yi 

See Note 1 

L 

H 

L 

Mi-.Yi 


L 

H 

H 

li-Yi 



Notes: 1. For the conditions: 

I5, I 4 , I3, I 2 , h, lo are LOW, Y is an Input. 
6 Ey is "Don't Care" for this condition. 

2. X is "Don't Care" condition. 


Instruction codes 163 and 178 lorm the EXCLUSIVE - OR and 
the EXCLUSIVE - NOR functions of Mn and In. The use of 
these instructions is explained under "NORMALIZING". 
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I 3-0 

HEX 

I 3 

I 2 

i1 

lo 

15 = 14=0 

15 = 0, 14=1 

15=1,14 = 0 

15 = 14 = 1 

0 

0 

0 

0 

0 

(mnOwdvr) + mz 

(MN0AkDVR) + MZ 

(Mn0Movr) + Mz 

(In0Iovr) + Iz 

1 

0 

0 

0 

1 

(mn©movr)*mz 

(mnOwdvr)*mz 

(Mn0Movr)*Mz 

(lN©IOVR)*iz 

2 

0 

0 

1 

0 

MN0MOVR 

MN0MOVR 

Mn0MovR 

In0Iovr 

3 

0 

0 

1 

1 

MNOMOVR 

MN©WDVR 

MnOMovR 

InOIovR 

4 

0 

1 

0 

0 


MZ 

Mz 

Iz 

5 

0 

1 

0 

1 

MZ 

FZ 

Mz 

iz 

6 

0 

1 

1 

0 

MOVR 

MOVR 

MoVR 

bVR 

7 

0 

1 

1 

1 

AkDVR 

W)VR 

MoVR 

bvR 

8 

1 

0 

0 

0 

W + MZ 

MC + MZ 

Me + Mz 

lc + lz(2) 

9 

1 

0 

0 

1 

Sc*MZ 

MC-Sz 

Mc-Mz 

lc’lz(2) 

A 

1 

0 

1 

0 

MC 

tjC 

Me 

Ic 

B 

1 

0 

1 

1 


MC 

Me 

15 

C 

1 

1 

0 

0 

Sc + MZ 

Sc + MZ 

Me + Mz 

ie +Iz 

D 

1 

1 

0 

1 

KJ’Sz 

/icSz 

Me-^z 

Ic’lz 

E 

1 

1 

1 

0 

In0Mn 

mn 

Mn 

In 

F 

1 

1 

1 

1 

InOMn 

MN 

Mn 

In 


TABLE 4. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES. 


NOTES: 1. 0 Represents EXCLUSIVE-OR 2. Correct code as stated. 

O Represents EXCLUSIVE-NOR or coincidence. 

TABLE 5. CRITERIA FOR COMPARING TWO NUMBERS 
FOLLOWING "A MINUS B ' OPERATION. 


Relation 

For Unsigned Numbers 

For 2's Complement Numbers 


I 3-0 

Status 

* 3-0 


.J 

II 

CT = H 

CT = L 

A = B 

Z = 1 

4 

5 

Z«1 

4 

5 


z = o 

5 

4 

z»o 

5 

4 

A>B 

C=1 

A 

B 

EESQIBHHi 

3 

2 

A<B 

c = o 

B 

A 

ISiSSiBHHi 

2 

3 

A>B 

C*Z*1 

D 

C 


1 

0 

A<B 

G -i-Z = 1 

C 

D 


0 

1 


® = Exclusive OR H * HIGH Note: For Am2910, the CC input is active LOW, so use 

I 3.0 code to produce CT * L for the desired test. 

©-Exclusive NOR L==LOW 


Shift Linkage Muitipiexer 

The five instruction lines Ho, I 9 , Is. •?. l 6 control the SHIFT 
LINKAGE multiplexer. All Instructions set up the linkages for 
both the ALU shifter (RAM shifter on the Am2901 A) and the Q 
register. 

UP and DOWN shifts are decided by Ho which should be 
connected to le of the Am2903's Instruction lines or I 7 of the 
Am2901's instruction lines. A wide range of Input and output 
connections are provided, allowing for single or double length 
shifting or rotating with or without the use of the MSR CARRY 
or SIGN bits (See Table 6 ). 

In the following discussion of some of the shifts the instruction 
codes are given as two octal digits AB; A represents Ho. I 9 . 
represents Is, I 7 , le- 

When adding and down shifting on the same microcycle, (i.e. 
when doing multiplication or averaging) the shifter input must 
be the present CARRY, Ic, rather than the carry resulting from 
the last cycle (Me). Instruction Code 1 Ss accomplishes this for 
unsigned arithmetic. For 2's complement arithmetic, the re¬ 
quired shifter input is: In ® loVR- is provided by Instruction 
Code 160 . 

Instruction Codes He, 158, ITe provide the RIGHT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO¬ 
TATE WITHOUT CARRY functions respectively. 

Instruction Codes 348, 358, 378 provide the LEFT ROTATE 
THROUGH CARRY, ROTATE BRANCH CARRY and RO¬ 
TATE WITHOUT CARRY functions respectively. 


The shift outputs are in the high Impedance state unless ^ is 
LOW. 

Loading of the Me bit by a shift operation overrides any 
loading^or holding of the Me bit by MSR Instructions (Iq-s, CEm 
and Ee). 

"CARRY-IN" Control Multiplexer 

The two Instruction lines H 2 . *11 control the source of the 
CARRY output (Co). 

When H2“0 Co = Hi 

When H2=1 si^cI Hl =0. th© external carry Input Cx Is 
presented to the carry output. 

When H 2 ~ iii = 1 Ih© carry output is selected from /ue, Sc. 
Me or Me as defined by I 5 , I 3 , I 2 , H (Bee Table 7). 

APPLICATIONS INFORMATION 

Borrow - Save 

One of the capabilities of the Am2900 Family is the complete 
emulation of other processing machines. One requirement of 
an emulator is that, when a calculation is being performed, not 
only must the answer obtained from the Am2900 chips be the 
same as that from the machine being emulated, but after each 
machine level Instruction, the status bits must be Identical. 
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TABLE 7. CARRY-IN CONTROL 
MULTIPLEXER INSTRUCTION CODES. 


Il2 

111 

*5 

I 3 

I 2 

h 

Co 

0 

0 

X 

X 

X 

X 

0 

0 

1 

X 

X 

X 

X 

1 

1 

0 

X 

X 

X 

X 

Cx 

1 

1 

0 

0 

X 

X 

MC 

1 

1 

0 

X 

1 

X 

mC 

1 

1 

0 

X 

X 

1 

MC 

1 

1 

0 

1 

0 

0 

MC 

1 

1 

1 

0 

X 

X 

Me 

1 

1 

1 

X 

1 

X 

Me 

1 

1 

1 

X 

X 

1 

Me 

1 

1 

1 

1 

0 

0 

Me 


There are alternative methods for subtracting in a digital 
machine and the state of the CARRY after the calculation 
depends on the method. For instance, the subtraction of 0100 
from 1010 by the 2's complement add method generates a 
result of 0110 with a CARRY. Direct subtraction however, 
yields an answer of 0110 with no BORROW. 

Many machines store the state of the CARRY for subtract 
operations, and this is the recommended method for maxi¬ 
mum effective use of the Am2904, but, to allow those 
machines which store the BORROW to be efficiently emulat¬ 
ed, the Am2904 has allocated special instructions. Using 
these codes causes the CARRY bit to be inverted before 
storage in the status registers and also re-inverts these status 
bits before using them as carry inputs. These codes are lOs, 
1l8. 308. 318, 508, 518, 708, 718 ds-O)- 

Notice that when these codes are used to load the inverted 
CARRY to either of the status registers, the CT output 
selected by the Condition Code Multiplexer assumes the 
CARRY Is inverted and still defines whether A > B or A < B 
(See Table 4). 

Similarly, when doing a compare on a machine which saves 
the BORROW, testing for A > B, A < B forces the comple¬ 
ment of the CARRY to be stored in the status registers (See 
Tables 1 and 2). 

Normalizing 

Normalizing is the process of stripping off ail leading sign bits 
until the two most significant bits are complementary. The 
Am2904 facilitates both single and double length normaliza¬ 


tion in the Am2901 and the Am2903. When using the 
NORMALIZE special instructions with the Am2903, the EX¬ 
CLUSIVE - OR of the most significant two bits is generated at 
the Cn + 4 pin of the most significant Am2903. The EXCLU¬ 
SIVE - OR of the two bits next to the most significant bit is also 
generated at the OVR pin. The procedure for normalizing then 
is to loop on the normalize Instruction with a branch condition 
on the Cn + 4 State or the OVR state, depending on the 
architecture employed. The Cp + 4 or OVR output is routed to 
the Am2910 CC Input through the Am2904 Condition Code 
multiplexer. As the contents of the status registers always 
refer to the last cycle, not the present one, the last operation 
in normalizing is to downshift, bringing the sign bit (Mn) back 
into the most significant bit position. This is achieved using the 
shift operations 058 (ho- 6 ) fo'' double length normalizing,and 
028 for single length normalizing . For more details regarding 
normalizing with the Am2903 see the Am2903 data sheet. 

The Am2901 does not have the EXCLUSIVE - OR gates to 
help with normalizing, so the Am2904 includes in the Condition 
Code multiplexer the EXCLUSIVE - OR and EXCLUSIVE - 
NOR functions of Mn (the sign bit resulting from the last 
operation) and In (the sign bit resulting from the present 
operation). Instruction codes 168 and 178 (^s-o) form the 
EXCLUSIVE-OR and EXCLUSIVE-NOR functions of Mn and 
In- 

Interrupts 

Some machines allow interrupts only at the machine instruc¬ 
tion level while others allow them at the microinstruction level. 
The Am2904 is designed to handle both cases. 

When the machine is interrupted. It is necessary to store the 
contents of either the MSR (machine instruction level inter¬ 
rupts) or both the status registers (micro instruction level 
interrupts) Into an external store. This transfer is intended to 
take place over the Y input/output pins (See Table 3). 

After the interrupt has been serviced the registers must be 
restored to their pre-interrupt state. This Is accomplished by 
two operations of Instruction OOa (I 5 - 0 ) which loads the MSR 
from the Y inputs while loading the nSR from the MSR. Thus, 
the pre-interrupt contents of the /itSR are first loaded to the 
MSR (first Instruction OOa), then this data is transferred to the 
IxSR while the MSR is restored to its pre-interrupt state 
(second instruction OOa). 

In controllers and some other microprogrammed machines the 
applications program itself is often in the microprogram 
memory; that is, there Is no macroinstruction set. These 
machines require only a microstatus register since there is no 
separate machine status. The MSR in the Am2904 can be 
used as a one-level stack on the microstatus register. When 
an interrupt occurs, the /uSR and the MSR are simply swapped 
(I5-0 = 028). 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature..-65°C to +150‘’C 

(Case) Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs for 

High Output State.-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

•oh = -1.6mA 

Yz. Yc. Yn, Yovr 

2.4 



Volts 

Iqh “ -0.8mA 

SlOo, SlOn, QlOo 

QlOn, CT, CO 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 

Yz. Yc 

Yn. Yovr 

IOL = 24mA (COM'L) 



0.5 

Volts 

IOL= 16mA (MIL) 



0.5 

SlOo, QlOo, CT, 
SlOn, QlOn, CO 

lOL = 8mA 



0.5 

V|H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH Voltage for all inputs (Note 7) 

2.0 



Volts 

V|L 

Input LOW Voltage 

Guaranteed Input Logical LOW Voltage for all inputs (Note 7) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N“-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc “ max, 

V|N = 0.5V 

CP 



-0.7 


CEfjL 



-1.8 

mA 

iz. ic. In. Iovr 



-1.2 

lo-ll 2 . Eg^N 

EovR. OEy. Qect, 

Cx, Yz, Yc, Yn, Yovr 



-0.45 

SE, SlOo, SlOn 

QlOo, QlOn 



-1.35 

l|H 

Input HIGH Current 

Vcc = max 

V|N = 2.7V 

CP, I 0 -I 12 . Ez, 

En. Eovr. CEy. oect. Cx 



20 

pA 

CEm, CE^ 



80 

Iz. Ic. In. Iovr. se 



60 

SlOo, SlOn, QlOo. QlOn 



110 

Yz. Yc. Yn. Yovr 



70 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

lOZH 

loZL 

Off State (High Impedance) 
Output Current 

Vcc = max 

CT 

Vo = 2.4 



50 

ma 

Vo = 0.5 ‘ 



-50 

SlOo, SlOn. QlOo, QlOn 
(Note 4) 

Vo = 2.4 



110 

Vo = 0.5 



-1350 

Yz. Yc, Yn, YovR 

(Note 4) 

Vo = 2.4 



70 

Vo = 0.5 



-450 

los 

Output Short Circuit Current 
(Note 3) 

Vcc = 5.75V, Vo = 0.5V 

-30 


-85 

mA 

•cc 

Power Supply Current 
(Note 6) 

Vcc = max 

Am2904DC 

Ta = 0“C to + 70“C 



318 

mA 

Ta= +70°C 



262 

Am2904DM, FM 

Tc = -55"C to +125X 



348 

Tc = +125“C 



222 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3! Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5. ”MIL”=Am2904 XM, DM, FM, "COM'L” = Am2904 XC, PC, DC. 

6 . Worst case Icc is at minimum temperature 

7. These input levels provide zero noise immunity and should only be static tested in a noise-free environment (not functionally tested.) 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125‘’C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2904 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
Input levels at OV or 3V. All values are in ns. All outputs have maximum DC loading. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta= 0 to + 70°C, Vcc= 4.75 to +5.25V,Cl = 50pF). 

A. Set-Mp and Hold Times (ns) B. Combinational Delays (ns) 


Input 

ts 

th 

iz. In. Iqvr 

14 

5 

ic (ii I2 13 = 001) 

27 

5 

Ic {Ii I2 I3 # 001) 

14 

5 

CEfi 

18 

3 

CEm 

23 

3 

Ez. Ec, En, EovR 

22 

3 

I0-I5 

41 

1 

le-ho 

40 

1 

lE 

36 

0 

Yz, Yc, Yn, Yovr 
(I 0.5 = LOW) 

15 

5 

SIOo. SlOn. 

QlOo, QlOn 

20 

5 


From (Input) 

To (Output) 

tpd 

Iz. Ic. In. Iqvr 

Yz. Yc, Yn, Yovr 


CP 

Yz, Yc. Yn, Yovr 

41 





CT 


CP 

CT 


I 0 -I 5 

CT 

mm 

Cx 

Co 

20 

CP 

Co 

■■ 

h. 2 , 3 , 5 , 11 , 12 

Co 


SlOn, QlOn 

SIOo 


SIOo, QlOo 

SlOn 

19 

Ic. In. Iqvr 

SlOn 


SlOn, QlOn 

QlOo 


SIOo, QlOo 

QlOn 

19 

CP 

SIOo. SlOn, QlOo. 

QlOn 

30 

I 6 -I 10 

SIOo, SlOn, QlOo, 

QlOn 

26 


C. Clock Requirements (ns) 


Minimum Clock LOW Time 

20 

Minimum Clock HIGH Time 

20 


D. Enable/Disabie Times (ns) 

Cl = 5.0pF for output disable tests 
measured to 0.5V change of output voltage level. 


From 

(Input) 

To 

(Output) 

Enable 

Disable 

OEct 

CT 

23 

18 

SE 

SIOo, SlOn 

QlOo, QlOn 

30 

12 

ho 

SIOo, SlOn 

QlOo, QlOn 

39 

29 

OEy 

Yz. Yc. Yn, Yovr 

26 

21 

l0*l5 

Yz. Yc. Yn, Yovr 

28 

40 
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GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to + 125°C, Vcc = 4.5 to +5.5V, Cl = 50pF) 

A. Set-up and Hold Times (ns) B. Combinational Delays (ns) 


Input 

ts 

th 

iz. In. Iovr 

15 

5 

Ic (li l2 l 3 = 001) 

28 

5 

ic (h I 2 I 3 ^ 001 ) 

15 

5 


20 

3 

CEm 

23 

4 

Ez. Ec, En, EovR 

23 

4 

I0“l5 

48 

2 

I 6 -I 1 O 

44 

2 

SE 

40 

0 

Yz. Yc, Yn. YovR 
(I0.5 = LOW) 

16 

6 

SlOo, SlOn, 

QlOo, QlOn 

20 

5 



To (Output) 

tpd 

Iz. Ic. In. Iovr 

Yz. Yc, Yn, YqvR 

40 

CP 

Yz. Yc, Yn, Yovr 

45 

I4. I5 

Yz. Yc. Yn, Yovr 

38 

Iz. Ic. In. Iovr 

CT 

44 

CP 

CT 

40 

I0-I5 

CT 

41 

Cx 

Qo 

22 

CP 

Qo 

28 

I 1 , 2 , 3, 5, 11 , 12 

Co 

42 

SlOn, QlOn 

SlOo 

20 

SlOo, QlOo 

SlOn 

20 

Ic. In. Iovr 

SlOn 

29 

Slop, QlOp 

QlOo 

20 

SlOo, QlOo 

QlOn 

20 

CP 

SlOo SlOn, QlOo. 

QlOn 

32 

le-ho 

SlOo, SlOn, QlOo, 

QlOn 

31 


C. Clock Requirements (ns) 


Minimum Clock LOW Time 

25 

Minimum Clock HIGH Time 

25 


D. Enable/Disable Times (ns) 

Cl = S.OpF for output disable tests 
measured to 0.5V change of output voltage level. 


From 

(Input) 

To 

(Output) 

Enable 

Disable 

OEct 

CT 

25 

18 

SE 

SlOo. SlOn 

QlOo, QlOn 

35 

16 

ho 

SlOo, SlOn 

QlOo, QlOn 

43 

32 

OEy 

Yz. Yc. Yn. 

Yovr 

28 

23 

I0-I5 

Yz. Yc, Yn. 

Yovr 

30 

41 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


Vcc 



5.0 - Vbe - VoL 
IOL + Vol/IK 


B. NORMAL OUTPUTS 


Vcc 



2.4V 



5.0 - Vbe - VoL 
lOL + V0L/R2 


Notes: 1. Ct^^ SOpF includes scope probe, wiring and stray capacitances without device in text fixture. 

2. Si, S 2 , S 3 are closed during function all tests and AC tests except output enable tests. 

3. Si and 83 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2904 


Pin # 
(DIP) 

Pin Label 

Test Circuit 

Ri 

R2 

25 

Co 

B 

470 

3K 

27 

CT 

A 

430 

IK 

28 

YqvR 

A 

220 

IK 

29 

Yn 

A 

220 

IK 

31 

Yc 

A 

220 

1K 

32 

Yz 

A 

220 

IK 

33 

QIOm 

A 

430 

IK 

34 

QlOo 

A 

430 

IK 

35 

SIOn 

A 

430 

IK 

36 

SlOo 

A 

430 

IK 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L<0V and V|h> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 


For additional information on testing, see section 
''Guidelines on Testing Am2900 Family Devices." 
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Am2905 

Quad Two-Input OC Bus Transceiver with Three-State Receiver 


DISTINCTIVE CHARACTERISTICS 


• Quad high-speed LSI bus-transceiver 

• Open-collector bus driver output can sink 100mA 
at 0.8V max 

• Two-port input to D-type register on driver 


• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12 mA 

• Advanced low-power Schottky processing 


GENERAL DESCRIPTION 


The Am2905 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces¬ 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connect¬ 
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When B^ is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 


The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DRCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t is controlled fro m the buffered receiver latch 
enable (RLE) input. When the RLE Input is LOW, the latch 
is open and the receiver outputs will follow th e bu s inputs 
(BUS data inverted and LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) Input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 


BLOCK DIAGRAM 



BD001860 


05397A 
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CONNECTION DIAGRAM 
Top View 



19 BUS3 

18 GND2 


Note: Pin 1 Is marked for orientation 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (If desired). 


Am2905 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55°C to + 125°C) 

Package 

D-24-pin CERDIP 
F-24-pln flatpak 
P-24-pin plastic DIP 
X- Dice 


Valid Combinations 

Am2905 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

XC. XM 


Device type 
OC Bus Transceiver 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device Is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4. 8, 16, 20 

Aq, Ai, 

A2. Ag 

I 

The "A” word data input into the two input multiplexer of the driver register. 

3, 9, 15, 21 

Bq, Bi, 

B2 i Bg 

I 

The ”B'' word data input into the two input multiplexers of the driver register. 

13 

S 

I 

Select. When the select input is LOW, the A data word is applied to the driver register. When the select input Is HIGH, 
the B word is applied to the driver register. 

23 

DROP 

I 

Driver Clock Pulse. Clock pulse for the driver register. 

11 

gE 

I 

Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high Impedance state. 

5 

7 

17, 19 

ISlo. 

6uSi 

gD§2. 

gUgg 

I/O 

The four driver outputs and receiver inputs (data is inverted). 

2 , 10 

14, 22 

Ro. Ri. 

R2 > Bs 

0 

The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 

1 

gLg 

0 

Receiver Latch Enable. When BLE is LOW, data on the BUS inputs is passed through the receiver latches. When Ble 
is HIGH, the receiver latches are closed and will retain the data independent of ail other inputs. 

12 

m 

I 

Output Enable. When the Qg input is HIGH, the four three state receiver outputs are in the high-impedance state. 


FUNCTION TABLE 


INPUTS 

INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

El 

□ 

o 




m 

D| 

Qi 

9USi 

R| 

D 

Q 

□ 


o 

D 

D 

X 

X 

z 

X 

Driver output disable 

D 

D 

a 

X 

o 

D 

n 

X 

X 

X 

z 

Receiver output disable 





n 

B 

n 

X 

L 

L 

H 

Driver output disable and 

D 

19 

□ 


BI 


B 

X 

H 

H 

L 

receive data via Bus input 

D 

□ 

a 


D 


D 

X 

NC 

X 

X 

Latch received data 

L 

L 



BI 

Di 

B 

L 

X 

X 

X 


L 

H 

B 


fm 

H 

H 

H 

X 

X 

X 

Load driver register 

H 

X 



mm 


D 

L 

X 

X 

X 


H 

X 

fl 


Wi 

H 

B 

H 

X 

X 

X 


X 

X 

B 

L 

D 

X 

B 

NG 

X 

X 

X 

No driver clock restrictions 

X 

X 

B 

H 


X 

B 

NC 

X 

X 

X 


X 

X 

B 


D 

a 

B 

L 

X 

H 

X 

Drive Bus 

X 

X 

B 


11 

B 

B 

H 

X 

L 

X 



H = HIGH Z = HIGH Impedance X = Don't care i =0, 1, 2, 3 

L = LOW NC = No change t = LOW to HIGH transition 
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APPLICATIONS 



DATA ADDRESS CONTROL 

BUS BUS BUS 


AF001350 

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and timing 
input/output interfaces. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature.to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous ..-0.5V to +7.0V 

DC Voltage Applied to Outputs for 

HIGH Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +7V 

DC Output Current, Into Outputs 

(Except Bus).30mA 

DC Output Current, Into Bus. ..200mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.2SV 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Receiver Output 

HIGH Voltage 

Vcc = ViN 

V|N = V|L or V|H 

MIL, Iqh “ ~ f .0mA 

2.4 

3.4 


Volts 

COM'L, loH = -2.6mA 

2.4 

3.4 


VoL 

Receiver Output 

LOW Voltage 

Vcc = min 

V|N = V|L or V|H 

Iql = ■'fmA 


0.27 

0.4 

Volts 

Iql “ 8 mA 


0.32 

0.45 

•OL= 12mA 


0.37 

0.5 

V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc ~ min, l|N®“f8mA 



-1.5 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

Vcc = max, V|n = 0 .4V 



-0.36 

mA 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc = max, V|n = 2 .7V 



20 

ma 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max, V(n = 5 .5V 



100 

piA 

lo 

Receiver Off-State 

Output Current 

Vcc = max 

Vo = 2.4V 



20 

HA 

Vo * 0.4V 



-20 

isc 

Receiver Output 

Short Circuit Current 

Vcc = max 

-12 


-65 


Icc 

Power Supply Current 

Vcc = max. All inputs = GND 


69 

105 

mA 1 


Notes: 1. Typical limits are at Vcc = 5 0 V, 25‘*C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


type. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 


VOL 

Bus Output LOW Voltage 

Vcc = min 

Iql 40mA 


0.32 

0.5 

Volts 

Iql * 70mA 


0.41 

0.7 

Iql = 100mA 


0.55 

0.8 

lo 

Bus Leakage Current 

Vcc = max 

Vo = 0.4V 



-50 

HA 

Vo = 4.5V 

MIL 



200 

COM’L 



100 

•off 

Bus Leakage Current 
(Power OFF) 

Vo = 4.5V 



100 

HA 

Vth 

Receiver Input HIGH 
Threshold 

Bus Enable = 2.4V 

MIL 

2.4 

2.0 


Volts 

COM'L 

2.3 

2.0 


Vtl 

Receiver Input LOW 
Threshold 

Bus enable = 2.4V 

MIL 


2.0 

1.5 

Volts 

COM'L 


2.0 

1.6 
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TYPICAL PERFORMANCE CURVES 


Bus Output Low Voltage 
Versus Ambient Temperature 


Receiver Threshold Variation 
Versus Ambient Temperature 



Ta - AMBIENT TEMPERATURE - "C 

OP001340 



I -55-35-15 5 25 45 65 85 105 125 

> Ta-AMBIENT TEMPERATURE-°C 


OP001330 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 





COMMERCiAL 

MILiTARY 





Am2905 

Am2905 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 

tPHL 

Driver Clock (DROP) to Bus 



21 

36 


21 

40 

ns 

tPLH 

Cl (BUS) = 50 pF 


21 

36 


21 

40 

tPHL 

Bus Enable (BE) to Bus 

Rl (BUS) = 50 


13 

23 


13 

26 


tPLH 



13 

23 


13 

26 

ns 

ts 

Data Inputs (A or B) 


23 



25 



ns 

th 


7.0 



8.0 




Select Input (S) 


30 



33 




th 


7.0 



8.0 



ns 

tpw 

Driver Clock (DRCP) Pulse Width 
(HIGH) 


25 



28 



ns 

tPLH 

Bus to Receive Output 



18 

34 


18 

37 

ns 

tpHL 

(Latch Enable) 

Cl= 15pF 


18 

34 


18 

37 

tPLH 

Latch Enable to Receiver Output 

Rl = 2.0 kfZ 


21 

34 


21 

37 


tPHL 



21 

mm 


21 

KB 


ts 

Bus to Latch Enable (RLE) 


mm 



Bi 



HU 

th 





■El 



tZH 

Output Control to Receiver Output 



14 



14 


HU 

tZL 



14 

Ei 


14 

kb 

tHZ 

Output Control to Receiver Output 



14 

wm 


14 

El 

UH 

tLZ 



14 



14 

BB 


Notes: 1. Typical limits are at Vcc“5 0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 



SWITCHING TEST CIRCUIT 
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Am2906 

Quad Two-Input OC Bus Transceiver with Parity 


DISTINCTIVE CHARACTERISTICS 


• Quad high-speed LSI bus transceiver. 

• Open-collector bus driver output can sink 100mA at 
0.8V max. 

• Two-port input to D-type register on driver. 


• Internal 4-bit odd parity checker/generator. 

• Receiver has output latch for pipeline operation. 

• Receiver outputs sink 12 mA. 


GENERAL DESCRIPTION 


The Am2906 is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces¬ 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four open- 
collector bus drivers. Each bus driver is internally connect¬ 
ed to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches. The device also contains a four-bit odd parity 
checker/generator. 

This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100 mA at 0.8V maximum. The BUS input 
differential amplifier contains disconnect protection diodes 
such that the bus isfail-safe when power is not applied. The 
bus enable Input (BE) is used to force the driver outputs to 
the high-impedance state. When BE Is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock and a two-input multiplexer at the 
input of each flip-flop. A common select input (S) controls 


the four multiplexers. When S is LOW, the A, data is stored 
in the register and when S Is HIGH, the Bj data Is stored. 
The buffered common clock (DROP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t is controlled fro m the buffered receiver latch 
enable (RLE) Input. When the RLE input is LOW, the latch 
is open and the receiver outp uts w ill follow the bus inputs 
(BUS data Inverted). When the RLE input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. 

The Am2906 features a built-in fo^bit odd parity checker/ 
generator. The bus enable input (BE) controls whether the 
parity output is in the generate or check mode. When the 
bus enable is LOW (driver enabled), odd parity is generated 
based ^ the A or B field data input to the driver register. 
When BE is HIGH, the parity output is determined by the 
four latch outputs of the receiver. Thus, if the driver is 
enabled, parity is generated and if the driver is in the high- 
impedance state, the BUS parity is checked. 


BLOCK DIAGRAM 
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Am2906 


CONNECTION DIAGRAM 
Top View 


BE 11 
ODD r“ 12 


19 □eusa 
18 I3GND2 
17 ~1 BUS 2 


Note: Pin 1 is marked for orientation 



ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


'— Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70°C) 

M - Military (-55X to +125X) 

- Package 
D-24-pln CERDIP 
F-24-pln ftatpak 
P-24-pin plastic DIP 
X- Dice 


Valid Combinations 

Am2906 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Device type 
OC Bus Transceiver 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4, 8 

16, 20 

Ao, Ai, 

A2. Ag 

1 

The "A" word data input into the two input multiplexer of the driver register. 

3, 9 

15, 21 

Bo. Bi, 

Bg. Bg 

1 

The "B” word data input into the two input multiplexers of the driver register. 

13 

S 

1 

Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 

23 

DRCP 


Driver Clock Pulse. Clock pulse for the driver register. 

11 

Bl 


Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 

5 

7 

17, 19 

1^0’ 

BD§i 

BD§2. 

SDSg 

0 

The four driver outputs and receiver inputs (data is inverted). 

2, 10 

14, 22 

Ro. Ri. 

Ra. R 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 

1 

miE 

0 

Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 

12 

ODD 

0 

Odd parity output. Generates parity with the driver enabled, checks parity with the driver in high-impedance state. 


FUNCTION TABLE 


INPUTS 


BUS 

OUTPUTS 

FUNCTION 

s 

A| 

Bj 

DRCP 

BE 

RLE 


B 

BUSj 

R| 

ODD 

D 

D 

a 

n 

D 

0 

X 

X 

z 

X 

PQ 

Driver output disable 

D 

Q 

□ 

n 

D 

a 

X 

X 

X 

X 

PD 

Driver output enable 

X 



n 


n 

X 

L 

L 

H 

H 

Driver output disable and 

X 

□ 


WM 


■■ 

X 

H 

H 

L 

H 

receive data via Bus input 

D 

□ 

□ 

mm 

D 


X 

NC 

X 

NC 

X 

Latch received data 

n 

L 


■■ 



L 

X 

X 

X 

X 


H 

H 

H 

■■ 

H 


H 

X 

X 

X 

X 

Load driver register 

III 

X 

B 


Q 

D 

L 

X 

X 

X 

X 


19 

X 

□ 

B 

H 


H 

X 

X 

X 

X 



X 

u 




NC 

X 

X 

X 

X 

No driver clock restrictions 

D 

X 





NC 

X 

X 

X 

X 


X 

X 

X 


D 

n 

L 

X 

H 

X 

H 

Drive Bus 

X 

X 

X 

n 

H 

B 

H 

X 

L 

X 

H 



H = HIGH X = Don't care NC = No change 

L = LOW i = 0, 1. 2, 3 PD = Parity of D flip flops 

Z = HIGH Impedance t = LOW to HIGH transition PQ = Parity of Q latches 


PARITY OUTPUT FUNCTION TABLE 


BE 

ODD PARITY OUTPUT 

L 

H 

ODD = Iq ® If ® I 2 ® I 3 

ODD = Qo ® Qi ® Q 2 ® Q 3 


|j*= Selected input Aj or Bj 
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APPLICATIONS 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs for 

HIGH Output State....-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Bus.200mA 

DC Output Current, Into Outputs 

(Except Bus).30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

— 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Receiver Output 

HIGH Voltage 

Vcc = min 

V|N = VjL or V|H 

MIL 

Iqh = -10 mA 

2.4 

3.4 


Volts 

COM'L 

•oh = -2.6mA 

2.4 

3.4 

Parity Output 

HIGH Voltage 

Vcc = min, IoH=-660mA 
V|N = ViH or V|L 

MIL 

2.5 

3.4 


COM'L 

2.7 

3.4 


VoL 

Output LOW voltage 
(Except Bus) 

Vcc = min 

V|N = V|L or V|H 

Iql ~ 4mA 


0.27 

0.4 

Volts 

Iql = 


0.32 

0.45 

Iql = 12 mA 


0.37 

0.5 

V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc = min, liN = -18mA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

Vcc = max, V|n = 0 .4V 



-0.36 

mA 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc = max, V|n = 2 .7V 



20 

ma 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max, ViN = 5.5V 



100 

mA 

isc 

Output Short Circuit Current 
(Except Bus) (Note 3) 

Vcc = max 

-12 


-65 

mA 

Icc 

Power Supply Current 

Vcc = max. All inputs = GND 


72 

105 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 




Iql = 40mA 


0.32 

0.5 


VOL 

Bus Output LOW Voltage 


Iql = 70mA 


0.41 

0.7 

Volts 




IOL“ 100mA 


0.55 

0.8 





Vo = 0.4V 



-50 


lo 

Bus Leakage Current 

Vcc = max 

Vo = 4.5V 

MIL 



200 

HA 

COM'L 



100 


lOFF 

Bus Leakage Current 
(Power OFF) 

Vo = 4.5V 



100 

mA 

Vth 

Receiver Input HIGH 
Threshold 

Bus Enable = 2.4V 

MIL 

2.4 

2.0 


Volts 

COM'L 

2.3 

2.0 


Vtl 

Receiver Input LOW' 
Threshold 

Bus enable = 2.4V 

MIL 


2.0 

1.5 

Volts 

COM'L 


2.0 

1.6 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70^ 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Vql - bus output voltage - VOLTS 


TYPICAL PERFORMANCE CURVES 


i 

I 



Bus Output Low Voltage 
Versus Ambient Temperature 


Receiver Threshold Variation 
Versus Ambient Temperature 



Ta - AMBIENT TEMPERATURE - "G 

OP001340 



£ 1.5 1 —I—I—I—^^_i_ ^ I » 

I -55 -36-15 5 25 45 65 85 105 125 

>■ Ta - AMBIENT TEMPERATURE - °C 


OP001330 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless othen^^ise specified 





COMMERCIAL 

MILITARY 

■ 




Am2906 

Am2906 

B 

Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 


tPHL 

Driver Clock (DROP) to Bus 



21 

36 


21 

EE 

m 

tPLH 

Cl (BUS) = 50 pF 


21 

HS 


21 

40 

tPHL 

Bus Enable (BE) to BUS 

Rl (BUS) = 50 a 


13 



13 

mn:m 

ns 

tPLH 



13 



13 

26 

ts 

Data Inputs (A or B) 


11^1 



mi 




th 


7.0 



ESI 



ts 

Select Inputs (S) 


30 






ns 

th 


7.0 



EE 



tpw 

Clock Pulse Width (HIGH) 


25 



eb 



ns 

tpLH 

Bus to Receiver Output 



18 

El 


18 

EE 

IBi 

tpHL 

(Latch Enabled) 



18 

El 


18 

ee 

tpLH 

Latch Enable to Receiver Output 



21 

El 


21 

EE 

m 

tPHL 

Cl = 15pF 


21 

El 


21 

ee 

ts 

Bus to Latch Enable (RLE) 

Rl = 2.0 kO. 




El 



mm 

th 


Ijjlsl 



EE 



tPLH 

A or B Data to Odd Parity Output 



21 

KB 


21 

ee 


tpHL 

(Driver Enabled) 



21 

KB 


21 

40 

tpLH 

Bus to Odd Parity Output 



21 

HB 


21 

40 

ns 

tpHL 

(Driver Inhibited, Latch Enabled) 



21 



21 

40 

tPLH 

Latch Enable (RLE) to 



21 

IBI 


21 

40 

ns 

tpHL 

Odd Parity Output 



21 

mm 


21 

40 


Notes: 1. Typical limits are at Vcc = 5.0V, 25"C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


SWITCHING TEST CIRCUIT 



k 
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Am2906 


SWITCHING WAVEFORMS 


DRIVER 

CLOCK 

L 

—A 

\ _ / 


H- 



A, BorS V\A 

... jm 


\v 

tpLH- 

1 t 

^PHL . — 



/ 






2.0V 

VoL 


1.3V 

VOL 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and measuring the BUS to R 
combinatorial delay. 
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Am2907/Am2908 

Quad Bus Transceivers with Interface Logic 


DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver • Three-state receiver outputs sink 12mA 

• D-type driver register with open-collector bus driver • Am2907 has 2.0V input receiver threshold; Am2908 is 

output can sink 100mA at 0.8V max. "DECQ or LSI-II bus compatible" with 1.5V receiver 

• Internal 4-bit odd parity checker/generator threshold 

• Receiver has output latch for pipeline operation 


GENERAL DESCRIPTION 


The Am2907 and Am2908 are high-performance bus trans¬ 
ceivers intended for bipolar or MOS microprocessor system 
applications. The Am2908 is Digital Equipment Corporation 
"Q or LSI-II bus compatible" while the Am2907 features a 
2.0V receiver threshold. These devices consist of four D- 
type edge-triggered flip-flops. The flip-flop outputs are 
connected to four open-collector bus drivers. Each bus 
driver is internally connected to one input of a differential 
amplifier in the receiver. The four receiver differential 
amplifier outputs drive four D-type latches, that feature 
three-state outputs. The devices also contain a four-bit odd 
parity checker/generator. 

These LSI bus transceivers are fabricated using advanced 
low-power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The open-collector bus output 
can sink up to 100mA at 0.8V maximum. The BUS Input 
differential amplifier contains disconnect protection diodes 
such that the bus is fail-safe when power is not applied. The 
bus enable input (BE) is used to force the driver outputs to 
the high-impedance state. When BE is HIGH, the driver is 
disabled. The open-collector structure of the driver allows 
wired-OR operations to be performed on the bus. 

The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock 
(DROP) enters the Aj data into this driver register on the 
LOW-to-HIGH transition. 


Data from the A input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t is controlled fro m the buffered receiver latch 
enable (RLE) input. When the RLE Input Is LOW, the latch 
is open and the receiver outputs will follow th e bu s inputs 
(BUS data inverted and 0E LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 

The Am2907 and Am2908 feature a built-in four-bit odd 
parity checker/generator. The bus enable input (BE) con¬ 
trols whether the parity output is in the generate or check 
mode. When the bus enable is LOW (driver enabled), odd 
parity is generated based on the A field data input to the 
driver register. When SE Is HIGH, the parity output Is 
determined by the four latch outputs of the receiver. Thus, if 
the driver is enabled, parity Is generated and If the driver is 
in the high-impedance state, the BUS parity is checked. 

The Am2907 has receiver threshold typically of 2.0V while 
the Am2908 threshold is typically 1.5V. 
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CONNECTION DIAGRAM 
Top View 


20 JVCC 
19 ^DRCP 
18 

17 13^3 

16 neusa 


Am2907 

BusiQe Am2908 ishcNDa 


LOGIC SYMBOL 

3 7 13 17 


Aq 

Al 

A3 

DRCP 


ODD 

RLE 


Ro 


Am2907 


BE 

Am2908 

R2 

OE 


R3 

BUSo 

BUSi BUS2 

BUS3 

? 

4 

? ? 

6 14 

? 

16 


Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 


- 19 DROP 

-18 Ro 



ODD 

DIE SIZE 0.088" x 0.103" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2907/ 

Am2908 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 

M - Military (-55°C to +125°C) 

Package 

D-20-pin CERDIP 
F-20-pin flatpak 
P-20-pln plastic DIP 
X- Dice 


Device type 

Quad Bus Transceivers 


Valid Combinations 

Am2907 

Am2908 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am2907/Am2908 


PIN DESCRIPTION 



Name 

wrrm 

Description 

3. 7 

13, 17 

Ao. Ai 

A2. A3 

\ 

The four driver register inputs. 

19 

DROP 

1 

Driver Clock Pulse: Clock pulse for the driver register. 

9 

lE 

1 

Bus Enable. When the Bus Enable is HIGH. The four drivers are In the high Impedance state. 


iU|o. 

BD§1. 

BUS 2 , 

gD§3 

I/O 

The four driver outputs and receiver inputs (data is Inverted). 


Ro, Ri, 

R2i R 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the A inputs is non-inverted. 

1 

WE 

0 

Receiver Latch Enable. When RLE Is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all Other inputs. 

10 

ODD 

0 

Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance state. 

11 

Se 

1 

Output Enable. When the SI input is HIGH, the four three-state receiver outputs are in the high-impedance state. 


TRUTH TABLE 







INTERNAL 





INPUTS 



TO DEVICE 

BUS 

OUTPUT 


A| 

DROP 

if 

RLE 

01 

D| 

Qi 

B| 

R| 

FUNCTION 

X 

X 

H 

X 

X 

X 

X 

H 

X 

Driver output disable 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver output disable 

X. 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch received data 

L 

t 

X 

X 

X 

L 

X 

X 

X 

Load driver register 

H 

1 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


X 

X 

L 

X 

X 

H 

X 

L 

X 

Drive Bus 


H =HIGH Z =H1GH Impedance X = Don’t care i =0, 1, 2, 3 

L = LOW NC == No change t = LOW to HIGH transition 


PARITY OUTPUT FUNCTION TABLE 


BE 

ODD PARITY OUTPUT 

L 

H 

ODD = Aq 0 A-| 0 A 2 0 A 3 

ODD = Qo 0 Qi 0 Q2 0 Q3 
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APPLICATIONS 



The Am2907 can be used as an I/O Bus Transceiver and 
Main Memory I/O Transceiver in high-speed Microprocessor Systems. 
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Am2907/Am2908 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature...to +150®C 

(Ambient) Temperature Under Bias.......-55®C to +125*C 

Supply Voltage to Ground Potential 

Continuous ...- 0.5V to + 7.0V 

DC Voltage Applied to Outputs for 

High Output State.-0.5V to +Vec max 

DC Input Voltage. ..-0.5V to +5.5V 

DC Output Current, Into Bus... .200mA 

DC Output Current, Into Outputs 

(Except Bus). .30mA 

DC Input Current...-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 


RG33I 



VOH 

Receiver 

Output HIGH Voltage 

Vcc = MIN 

V|N * V|L or V|H 

MIL: Iqh * “ 1 OnriA 

2.4 

3.4 



COM’L:Ioh“- 2.6mA 

2.4 

3.4 


VOH 

Parity 

Output HIGH Voltage 

Vcc “MIN, IOH“-660juA 

V|N “ V|H or V|L 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


VoL 

Output LOW voltage 
(Except Bus) 

Vcc “ MIN 

V|N = V|L or V|H 

Iql “ 4mA 


0.27 

0.4 

Volts 

lOL “ 8mA 

' 

0.32 

0.45 

Iql “ 12mA 


0.37 

0.5 

VlH 

Input HIGH Level 
(Except Bus) 

Guaranteed Input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus)( 

Guaranteed input logical LOW 
for ail inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc “ MIN, l|N““18mA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

Vcc “ MAX, V|N « 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc “ max, V|n » 2.7V 



20 

mA 

l| 

Input HIGH Current 
(Except Bus) 

Vcc “ max, V|n = 5.5V 



100 

aiA 

isc 

Output Short Circuit Current 
(Except Bus) 

Vcc “ MAX 

-12 


-65 

IIIBSII 

icc 

Power Supply Current 

Vcc “ max. All inputs = GND 

Am2907 


75 

110 

BH 

Am2908 


80 

120 

>0 

Off-State Output Current 
(Receiver Outputs) 

Vcc = max 

Vo » 2.4V 



20 


Vo = 0.4V 



-20 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.... 0®C to + 70®C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage..+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 
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Am2907/Am2908 


rNPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 





COMMERCIAL 

MILITARY 





Am2907 

Am2907 


Parameters 

Description 

Test Conditions 






Max 

Units 

tPHL 

Driver Clock (DROP) to Bus 



21 

KB 


21 

mm 


tpLH 

Cl (BUS) = 50 pF 


21 

KB 


21 

mm 

tpHL 

Bus Enable (Bl^) to Bus 

Rl (BUS) = 50 n 


13 

KB 


13 

BB 

ns 

tPLH 



13 

l^l 


13 

IBi 

*8 

Data Inputs 


mm 



d 



ns 

th 


d 



d 



tpw 

Clock Pulse Width (HIGH) 


wm 



d 



M 

tPLH 

Bus to Receiver Output 



18 

mm 


18 

d 


tpHL 

(Latch Enabled) 



18 

mm 


18 

d 

tPLH 

Latch Enable to Receiver Output 



21 

El 


21 

d 

in^ 

tpHL 

Cl=15pF 


21 

El 


21 

d 

fs 

Bus to Latch Enable (RLE) 

Rl “ 2.0 ka 

mm 



d 



■m 

th 





d 



mi 

tPLH 

Data to Odd Parity Out 



21 

KB 


21 

mm 

ns 

tPHL 

(Driver Enabled) 



21 

KB 


21 

mm 

tPLH 

Bus to Odd Parity Out 



21 

KB 


21 

d 

ns 

tPHL 

(Driver Inhibit) 



21 



21 

d 

tPLH 

Latch Enable (RLE) to Odd 



21 

11^31 


21 

d 

ns 

tPHL 

Parity Output 



21 

IKI 


21 

d 

tZH 

Output Control to Output 



14 

d 


14 

d 

ns 

tZL 



14 

d 


14 

d 

tHZ 

Output Control to Output 

Cl = 5.0 pF 


14 

d 


14 

d 


tLZ 

Rl = 2.0 kCl 


14 

d 


14 

28 



Notes: 1. Typical limits are at Vcc“5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

COMMERCiAL 

HEESlSSHii 

Units 

Am2908 

■BSH 







tpHL 

Driver Clock (DROP) to Bus 

Cl (BUS) = 50 pF 

Rl (BUS): 

91 9. to Vcc 

200 9 to GND 


21 

|e]J| 


21 

Bi 

ns 

tpLH 


21 



21 

Kl 

tpHL 

Bus Enable (BE) to Bus 


13 

W^H 


13 


ns 

tPLH 


13 



13 

mi 

tr 

Bus Output Rise Time 

7 

10 


5 

10 


ns 

tf 

Bus Output Fall Time 

4 

6 


3 

6 


ts 

Data Inputs 

mm 



mm 



ns 

th 

mm 



KEI 



tpw 

Clock Pulse Width (HIGH) 




Ea 



ns 

tPLH 

Bus to Receiver Output 
(Latch Enabled) 

Cl * 50 pF 

Rl = 2.0 k9 


18 



18 


ns 

tPHL 


18 

iBcjiflii 


18 

■a 

tpLH 

Latch Enable to Receiver Output 


21 



21 

■a 

ns 

tPHL 


21 



21 

■a 

ts 

Bus to Latch Enable (RLE) 

mm 



mm 




th 

IQQI 



ma 



tPLH 

Data to Odd Parity Out 
(Driver Enabled) 

Cl= 15pF 

Rl = 2.0 k^2 


21 

K9 


21 

bb 

ns 

tpHL 


21 

1^1 


21 


tPLH 

Bus to Odd Parity Out 
(Driver Inhibit) 


21 

H9 


21 

■B 

ns 

tpHL 


21 

H9I 


21 

■B 

tpLH 

Latch Enable (RLE) to Odd 

Parity Output 


21 

BB 


21 

■B 

ns 

tpHL 


21 

KB 


21 

■B 

tZH 

Output Control to Output 


14 

mi 


14 

lOI 

ns 

tzL 


14 

mm 


14 

BI 

tHZ 

Output Control to Output 

Cl = 5.0 pF 

Rl = 2.0 k9 


14 

mi 


14 

Bi 

ns 

tLZ 


14 

mi 


14 

wm 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 


SWITCHING WAVEFORMS 


/ \ f 




r'- 


• 3.0V 
1.3V 




I— 








INPUT SET-UP AND HOLD TIMES. 
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SWITCHING TEST CIRCUIT 



Note: Cl= 15pF for Am2907 
Cl * 50pF for Am2908 

Am2907/08 RECEIVER SWITCHING TEST CIRCUIT. 



Note 1: Cl = 15pF for t^L. fzH 

Cl = 5pF for tLz. tnz 



LOAD FOR RECEIVER TRI-STATE TEST 


LOAD FOR PARITY OUTPUT 
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SWITCHING WAVEFORMS 



•-sf V 






-tpw- 


BE 


r^*pHL-^ 


- *PLH 




WF002330 


DRIVER CLOCK (DRCP) TO BUS 


BUS ENABLE (BE) TO BUS 


Ble 


1 \ 

/lJ!V 

\ 


f 90% 90% ^ 

L 1.5V ts—1 

h 




tr— ^ 



^..5V 


Rr, 

y.sv 



fPHL-1 


1 fpLH-r*-^ 


J —^ 

__ 







WF002370 if _ 

■ .. 



-.. - . . 4.5V 







WF002360 

BUS TO RECEIVER OUTPUT (LATCH ENABLED) 

LATCH ENABLE TO RECEIVER OUTPUT 

SWITCHING WAVEFORMS 



y -- 

^ 1.5V 

--=iT 

NORMALLY | \ 

LOW S2 

♦*12—1 .5V 

‘ZH-j 

1 _Ll 

R 

™Ss.„ / 

L>^ 

NORMALLY j 

HIGH 


RECEIVER TRI-STATE WAVEFORMS 


ov 


''OL SI AND S2 
VoH 


SI AND S2 
CLOSED 


WF002420 
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- 4.SV 

- OV 

WF002410* 


A INPUT TO PARITY OUTPUT 


BUS TO PARITY OUTPUT 
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Am2909A/Am2911A 

Microprogram Sequencers 


DISTINCTIVE CHARACTERISTICS 


4-bit slice cascadable to form longer word width 
Branch input for N-way branches 
4x4 file with stack pointer and push pop control for 
nesting microsubroutines 

Zero input for returning to the zero microcode word 


• Individual OR input for each bit for branching to higher 
microinstructions (Am2909 only) 

• Am2909 in 28-pin package & Am2911A in 20-pin 
package 


GENERAL DESCRIPTION 


The Am2909A is a four-bit wide address controller intended 
for sequencing through a series of microinstructions con¬ 
tained in a ROM or PROM. Two Am2909As may be 
interconnected to generate an eight-bit address (256 
words), and three may be used to generate a twelve-bit 
address (4K words). 

The Am2909A can select an address from any of four 
sources. They are: 1) a set of external direct inputs (D); 2) 
external data from the R inputs, stored in an internal 
register; 3) a four-word deep push/pop stack; or 4) a 
program counter register (which usually contains the last 


address plus one). The push/pop stack includes certain 
control lines so that it can efficiently execute nested 
subroutine linkages. Each of the four outputs can be OR'ed 
with an external input for conditional skip or branch 
instructions, and a separate line forces the outputs to all 
zeroes. The outputs are three-state. 

The Am2911A Is an identical circuit to the Am2909A, 
except the four OR inputs are removed and the D and R 
inputs are tied together. The Am2911A is in a 20-pin, 0.3" 
centers package. 


MICROPROGRAM SEQUENCER BLOCK DIAGRAM 



BD002171 


03578B 
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Am2909A/Am2911A 


CONNECTION DIAGRAM 
Top View 

P-28, D-28 CHIP-PAK^''* 

L-28-1 




Note: Pin 1 is marked for orientation 


RELATED PRODUCTS 


Part No. 

Description 

Am2918 

Pipeline Register 

Am2922 

Condition Code MUX 

Am29803A 

16-Way Branch Control Unit 

Am29811A 

Next Address Control 

Am25LSl63 

4-Bit Counter 

Am27S35 

Registered PROM 


For applications information, see Chapter 11 of Bit Slice Microprocessor Design, 
Mick & Brick, McGraw Hill Publications. 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2909A 

Am2911A 


'-Screening Option 

Blank - Standard processing 
B - Burn-in 

-Temperature (See Operating Range) 

C - Commercial (O'^C to + 70®C) 

M - Military (-55X to + 126"C) 

- Package 

D - 28-pin CERDIP 
F - 28-pin flatpak 
L - 28-pin leadless chip carrier 
P - 28-pin plastic DIP 
X - Dice 


Device type 

Microprogram Sequencers 


Valid Combinations | 

Am2909A 

Am291lA 

PC 

DC, DCB, DMB 
FMB 

LC, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a registered trademark of Advanced Micro Devices. 
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CONNECTION DIAGRAM 
Top View 


P-20,D-20 CHIP PAK’*'^ 

L-20-1 



METALLIZATION AND PAD LAYOUT 

Am2909A Am2911A 



DIE SIZE 86x98 Mils 


Chip-Pak is a register trademark of Advanced Micro Devices. 
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PIN DESCRIPTION 

Pin No. 



Description 

17, 16/11, 10 

Si, So 

I 

Control lines for address source selection. 

25, 26/19, 20 

FE, PUP 

I 

Control lines for push/pop stack. 

1/3 


I 

Enable line for internal address register. 

6, 8, 10, 12 

ORi 

I 

Logic OR inputs on each address output line. (2909A ONLY) 

15/9 

ZERO 

I 

Logic AND input on the output lines. 

22/16 


I 

Output Enable. When 5E is HIGH, the Y outputs are OFF (high impedance). 

23/17 

Cn 

I 

Carry-in to the incrementer. 

2, 3, 4. 5 

Ri 

I 

Inputs to the internal address register. (2909A ONLY) 

7, 9, 11, 13/4-7 

Di 

I 

Direct inputs to the multiplexer. 

27/1 

CP 

I 

Clock input to the AR and uPC register and Push-Pop stack. 

18-21/12-15 

Yi 

0 

Address outputs from Am2909A. (Address inputs to control memory.) 

24/18 

Cn -t- 4 

0 

Carry out from the incrementer 

ARCHITECTURE OF THE Am2909A/ 

Am2911A 

The Am2909A/Am2911A are bipolar microprogram sequenc¬ 
ers intended for use in high-speed microprocessor applica¬ 
tions. The device is a cascadable 4-bit slice such that two 
devices allow addressing of up to 256-words of microprogram 
and three devices allow addressing of up to 4K words of 
microprogram. A detailed logic diagram is shown in Figure 1. 

The device contains a four-input multiplexer that is used to 
select either the address register, direct inputs, microprogram 
counter, or file as the source of the next microinstruction 
address. This multiplexer is controlled by the Sq and Si inputs. 

The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-HIGH transition. The address register is 
available at the multiplexer as a source for the next microin¬ 
struction address. The direct input is a four-bit field of Inputs to 
the multiplexer and can be selected as the next microinstruc¬ 
tion address. On the Am2911 A, the direct inputs are also used 
as Inputs to the register. This allows an N-way branch where N 
is any word in the microcode. 

The Am2909A/Am291 1 A contains a microprogram counter 
(/LiPC) that is composed of a 4-bit incrementer followed by a 4- 
blt register. The Incrementer has carry-in (Cp) and carry-out 
(On + 4) such that cascading to larger word lengths is straight¬ 
forward. The //PC can be used in either of two ways. When the 
least significant carry-in to the incrementer is HIGH, the 
microprogram register is loaded on the next clock cycle with 
the current Y output word plus one (Y + 1 mPC.) Thus 
sequential microinstructions can be executed. If this least 
significant Cn is LOW, the incrementer passes the Y output 
word unmodified and the microprogram register is loaded with 
the same Y word on the next clock cycle (Y^/iPQ- Thus, the 
same microinstruction can be executed any number of times 
by using the least significant Cn as the control. 

The last source available at the multiplexer input is the 4 x 4 
file (stack). The file is used to provide return address linkage 
when executing microsubroutines. The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written. This allows stack reference operations (looping) to be 
performed without a push or pop. 

The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file 
enable input is LOW and the push/pop input is HIGH, the 
PUSH operation is enabled. This causes the stack pointer to 
increment and the file to be written with the required return 
linkage - the next microinstruction address following the 
subroutine jump which Initiated the PUSH. 

If the file enable Input is LOW and the push/pop control Is 
LOW, a POP operation occurs. This implies the usage of the 
return linkage during this cycle and thus a return from 
subroutine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIGH, no 
action is taken by the stack pointer regardless of any other 
input. 

The stack pointer linkage is such that any combination of 
pushes, pops or stack references can be achieved. One 
microinstruction subroutines can be performed. Since the 
stack is 4 words deep, up to four microsubroutines can be 
nested. 

The ZERO input Is used to force the four outputs to the binary 
zero state. When the ZERO input is LOW, all Y outputs are 
LOW regardless of any other inputs (except ro). Each Y 
output bit also has a separate OR input such that a conditional 
logic one can be forced at each Y output. This allows jumping 
to different microinstructions on programmed conditions. 

The Am2909A/Am2911A feature three-state Y outputs. These 
can be particularly useful in designs requiring external equip¬ 
ment to provide automatic checkout of the microprocessor. 
The internal control can be placed In the high-impedance 
state, and preprogrammed sequences of microinstructions 
can be executed via external access to the control ROM/ 
PROM. 
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Am2909A/Ain2911A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature......-65®C to +150‘’C 

(Ambient) Temperature Under Bias.--65®C to +125®C 

Supply Voltage to Ground Potential 

Continuous ....-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..-0.5V to +Vcc nnax 

DC Input Voltage. ...-0.5V to +7.0V 

DC Output Current, Into Outputs...30mA 

DC Input Current. ..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc^MIN, 

V|N = V|H or V|L 

MIL 

Iqh “ -1 OmA 

2.4 




COM’L 

Iqh =-2.6mA 

2.4 



Vec = MIN 
VoL 

Output LOW Voltage 

Vcc * min. 

V|N * V|H or ViL 

IOL“ 16mA, 2909A/11A 



0.5 

Volts 

V,H 

Input HIGH Level 

Guaranteed Input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL. 2909A/11A 



0.7 

Volts 

All others 



0.8 

V, 

Input Clamp Voltage 

Vcc = min. liN = -18mA | 



- 1.5 

Volts 

llL 

Input LOW Current 

Vcc = max. 

V|N * 0.4V 

Cn 



-1.08 

mA 

Push/Pop, 5E 



-0.72 

Others (Note 6) 



-0.36 

i|H 

Input HIGH Current 

Vcc “MAX. 

V|n = 2.7V 

Cn 



40 

ma 

Push/Pop, 



40 

Others (Note 6) 



20 

l| 

Input HIGH Current 

Vcc - max. 

V|N = 7.0V 

Cn, Push/Pop 



0.2 

mA 

Others (Note 6) 



0.1 

los 

Output Short Circuit Current 
(Note 3) 

Vcc“6V 

VOUT “ 0.5V 

Y 0 -Y 3 

-30 


-100 

mA 

Cn + 4 

-30 


-85 

icc 

Power Supply Current 

Vcc “MAX 
(Note 4) 

COM'L Only 

Ta“ 0 to +70X 



130 

mA 

MIL Only 

Tc»-65 to +125“C 



140 

Tc = + 125X 



110 

lOZL 

Output OFF Current 

Vcc “MAX. 

OE = 2.7 

Yo-3 

VouT “ 0.4V 



-20 

mA 

lOZH 

VoUT “ 2.7V 



20 


Notes: 1. Typical limits are at Vcc*5.0V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX. use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Apply GND to Cn, Rq. Ri. R 2 . ^ 3 . ORq, ORi, OR 2 , OR 3 , Dq, Di, D 2 and D 3 . Other inputs high. All outputs open. Measured after a 
LOW'to-HIGH clock transition. 

5. For the Am2911A, Dj and Rj are internally connected. Loading is doubled (to same values as Push/Pop). 


Commercial (C) Devices 

Temperature...OX to +70X 

Supply Voltage.......+4.75V to +5.25V 

Military (M) Devices 

Temperature..... - 55®C to +125®C 

Supply Voltage.....+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am2909A/Am2911A SWITCHING 
CHARACTERISTICS OVER OPERATING 
RANGE 

Tables I, II and III below define the timing characteristics of the 
Am2909A/Am2911A over the operating voltage and tempera¬ 
ture range. The tables are divided into three types of parame¬ 
ters; clock characteristics, combinational delays from inputs to 
outputs, and set-up and hold time requirements. The latter 
table defines the time prior to the end of the cycle (i.e., clock 
LOW-to-HIGH transition) that each Input must be stable to 
guarantee that the correct data is written into one of the 
internal registers. 

Measurements are made at 1.5V with V|l = OV and 
VjH = 3.0V. For three-state disable tests. Cl * 5.0pF and 
measurement is to 0.5V change on output voltage level. All 
outputs have maximum DC loading. 

TABLE I 

CYCLE TIME AND CLOCK CHARACTERISTICS 


TABLE II 

MAXIMUM COMBINATIONAL PROPAGATION 
DELAYS 

(all in ns. Cl = 50pF (except output disable tests)) 



Time 

COMMERCIAL 

MILITARY 

Minimum Clock LOW Time 

20 

20 

Minimum Clock HIGH Time 

20 

20 


From Input 

COMMERCIAL 

MILITARY 

Y 

Cn + 4 

Y 

Cn + 4 

Di 

17 

22 

20 

25 

So, Si 

29 

34 

29 

34 

ORi 

17 

22 

20 

25 

Cn 

- 

14 

- 

16 

ZER6 

29 

34 

30 

35 

OE LOW (enable) 

25 

- 

25 

- 

OE HIGH (disable)* 

25 

- 

25 

- 

Clock T S-iSo = LH 

39 

44 

45 

50 

Clock T SiSo = LL 

39 

44 

45 

50 


44 

49 

[H^l 

\mm 


*Cl = 5pF 


TABLE III 

GUARANTEED SET-UP AND HOLD TIMES (all in ns) (Note 1) 


COMMERCIAL MILITARY 

Set-Up Time I Hold Time Set-Up Time I Hold Time 


19 


12 


_ 27 

_27_ZIZZIZZ_ 

_18_ 5 

_25_ 0_ 

_25_0_ 

29 0 




Notes: 1. All times relative to clock LOW-to-HIGH transition. 

2. On Am2911A, Rj and Dj are internally connected together and labeled Dj. Use Rj set-up and hold times when D inputs are used to 
load register. 




ALL INPUTS 
(EXCEPT 51) 


(TABLE I) ^ 


L CLOCK H TO L OCCURSi 
\ ANYTIME HERE > 





_CLOCK TO Yj or Cn+ 4 _ 
(TABLE II) 


INPUTS TO Y or Cn- 
(TABLE II) 




WF002600 
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Am2909A/Am2911A 


OPERATION OF THE Am2909A/Am2911A 

Figure 2 lists the select codes for the multiplexer. The two bits 
applied from the microword register (and additional combina¬ 
tional logic for branching) determine which data source 
contains the address for the next microinstruction. The con¬ 
tents of the selected source will appear on the Y outputs. 
Figure 2 also shows the truth table for the output control and 


Address Selection 




SOURCE FOR Y OUTPUTS 

SYMBOL 

m 

n 

Microprogram Counter 

liPC 



Address/Holding Register 

AR 


n 

Push-Pop stack 

STKO 


El 

Direct inputs 

Dj 


for the control of the push/pop stack. Figure 3 shows in detail 
the effect of Sq, Si, FE and PUP on the Am2909A. These four 
signals define what address appears on the Y outputs and 
what the state of all the internal registers will be following the 
clock LOW-to-HIGH edge. In this illustration, the micropro¬ 
gram counter is assumed to contain initially some word J, the 
address register some word K, and the four words in the push/ 
pop stack contain Ra through Rd- 


Output Control 


ORi 

ZERO 

OE 

Yj 

X 

Bi 

H 

Z 

X 

■■ 

L 

L 

H 

H 

L 

H 

L 

H 

L 

Source selected by So Si 


Z = High Impedance 


Synchronous Stack Control 


FE 

PUP 

PUSH-POP STACK CHANGE 

H 

X 

No change 

1 

M 

Increment stack pointer, then 


n 

push current PC onto STKO 


j_ 

Pop stack (decrement stack 



pointer) 


H = High 
L = Low 
X = Don't Care 


Figure 2. 


CYCLE 

Si, So, FE, PUP 

mPC 

REG 

STKO 

STK1 

STK2 

STK3 

YouT 



N 

N + 1 

L L L L 

J 

J +1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

J 

Pop Stack 

End 

Loop 

N 

N + 1 

L L L H 

J 

J + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

J 

Push uPC 

Set-up 

Loop 

N 

N + 1 

L L H X 

J 

J + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

J 

Continue 

Continue 

N 

N + 1 

L H L L 

J 

K + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

K 

Pop Stack; 

Use AR for Address 

End 

Loop 

N 

N + 1 

L H L H 

J 

K+1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

K 

Push iuPC; 

Jump to Address in AR 

JSR AR 

N 

N + 1 

L H H X 

J 

K + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

K 

Jump to Address in AR 

JMP AR 

N 

N + 1 

H L L L 

J 

Ra +1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Ra 

Jump to Address in STKO; 

Pop Stack 

RTS 

N 

N + 1 

H L L H 

J 

Ra + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

Ra 

Jump to Address in STKO; 

Push juPC 


N 

N + 1 

H L H X 

J 

Ra + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

Jump to Address in STKO 

Stack Ref 
(Loop) 

N 

N + 1 

H H L L 

J 

D + 1 

K 

K 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

Ra 

D 

Pop Stack; 

Jump to Address on D 

End 

Loop 

N 

N + 1 

H H L H 

J 

D + 1 

K 

K 

Ra 

J 

Rb 

Ra 

Rc 

Rb 

Rd 

Rc 

D 

Jump to Address on D; 

Push fjPC 

JSR D 

N 

N + 1 

H H H X 

J 

D + 1 

K 

K 

Ra 

Ra 

Rb 

Rb 

Rc 

Rc 

Rd 

Rd 

D 

Jump to Address on D 

JMP D 


X = Don't care, 0 = LOW, 1 = HIGH, Assume Cn » HIGH 
Note; STKO is the Jfcation addressed by the stack pointer. 


Figure 3. Output and Internal Next-Cycle Register States for Am2909A/Am2911A. 
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Figure 4 illustrates the execution of a subroutine using the 
Am2909A. The configuration of Figure 6 is assumed. The 
instruction being executed at any given time is the one 
contained in the microword register (/nWR). The contents of 
the also control (indirectly, perhaps) the four signals Sq, 
Si, FE, and PUP. The starting address of the subroutine Is 
applied to the D inputs of the Am2909A at the appropriate 
time. 

In the columns on the left is the sequence of microinstructions 
to be executed. At address J + 2, the sequence control portion 
of the microinstruction contains the command "Jump to 
subroutine at A". At the time T 2 , this instruction is in the /uWR, 


and the Am2909A inputs are set-up to execute the jump and 
save the return address. The subroutine address A is applied 
to the D Inputs from the juWR and appears on the Y outputs. 
The first instruction of the subroutine, 1(A), is accessed and is 
at the inputs of the juWR. On the next clock transition, 1(A) is 
loaded into the pWR for execution, and the return address 
J + 3 is pushed onto the stack. The return instruction is 
executed at T 5 . Figure 5 is a similar timing chart showing one 
subroutine linking to a second, the latter consisting of only one 
microinstruction. 
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Figure 4. Subroutine Execution. 
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Figure 5. Two Nested Subroutines. Routine B is Only One Instruction. 
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Am2909A/Am2911A 


USING THE Am2909A AND Am2911A 

The Am2909A and Am2911A are four-bit slice sequencers 
which are cascaded to form a microprogram memory address 
generator. Both products make available to the user several 
lines which are used to directly control the internal holding 
register, multiplexer and stack. By appropriate control of these 
lines, the user can implement any desired set of sequence 
control functions; by cascading parts he can generate any 
desired address length. These two qualities set the Am2909A 
and Am2911A apart from the Am2910, which is architecturally 
similar, but is fixed at 12 bits in length and has a fixed set of 16 
sequence control Instructions. The Am2909A or Am2911A 
should be selected instead of the Am2910 under the following 
conditions: 

• Address less than 8 bits and not likely to be expanded 

• Address longer than 12 bits 


• More complex Instruction set needed than is available on 
Am2910 

Architecture of the Control Unit 

The recommended architecture using the Am2909A or 
Am2911A is shown in Figure 6. Note that the path from the 
pipeline register output through the next address logic, multi¬ 
plexer, and microprogram memory is all combinational. The 
pipeline register contains the current microinstruction being 
executed. A portion of that microinstruction consists of a 
sequence control command such as "continue", "loop", 
"return-from-subroutine", etc. The bits representing this se¬ 
quence command are logically combined with bits represent¬ 
ing such things as test conditions and system state to 
generate the required control signals to the Am2909A or 
Am2911A. The block labeled "next address logic" may 
consist of simple gates, a PROM or a PLA, but it should be all 
combinational. 


VARIOUS 

TEST 

CONDITIONS 



OTHER 


Figure 6. Recommended Computer Control Unit 

Architecture Using the Am2911A or Am2909A. 
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The Am29811A is a combinational circuit which Implements 
16 sequence control instructions; it may be used with either an 
Am2909A or an Am2911A. The set of instructions is nearly 
identical to that implemented internally in the Am2910. 

Figure 7 shows the CCU of Figure 6 with the Am29811A In 
place. The Am29811 A, in addition to controlling the Am2911 A, 


also controls a loop counter and several branch address 
sources. The instructions which are Implemented by the 
Am29811A are shown in Figure 8, along with the Am29811A 
outputs for each Instruction. Generating any Instruction set 
consists simply of writing a truth table and designing combina> 
tional logic to implement it. For more detailed information refer 
to "The Microprogramming Handbook". 



MICROINSTRUCTION 


AF001641 


Figure 9. Twelve Bit Sequencer. 



AF001511 

Figure 10. Branch Address Structures. 
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Am2909A/Am2911A 


Expansion of the Am2909A or Am2911A 

Figure 9 shows the interconnection of three Am2911A's to 
form a 12-bit sequencer. Note that the only interconnection 
between packages, other than the common clock and control 
lines, is the ripple carry between mPC incrementors. This carry 
path is not in the critical speed path if the Am2911A Y outputs 
drive the microprogram memory, because the ripple carry 
occurs In parallel with the memory access time. If, on the other 
hand, a micro-address register is placed at the Am2911A 
output, then the carry may lie in the critical speed path, since 
the last carry-in must be stable for a set-up time prior to the 
clock. 

Selecting Between the Am2909A and Am2911A 

The difference between the Am2909A and the Am2911A 
involves two signals: the data inputs to the holding register 


and the "OR" inputs. In the Am2909A, separate four-bit fields 
are provided for the holding register and the direct branch 
inputs to the multiplexer. In the Am2911A, these fields are 
internally tied together. This may affect the design of the 
branch address system, as shown in Figure 10. Using the 
Am2909A, the register inputs may be connected directly to the 
microprogram memory; the Internal register replaces part of 
the pipeline register. The direct (D) inputs may be tied to the 
mapping logic which translates instruction op codes into 
microprogram addresses. While the same technique might be 
used with the Am2911A, it is more common to connect the 
Am2911A's D inputs to a branch address bus onto which 
various sources may be enabled. Shown in Figure 10 Is a 
pipeline register and a mapping ROM. Other sources might 
also be applied to the same bus. The internal register is used 
only for temporary storage of some previous branch address. 
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Figure 8. AM29811A TRUTH TABLE 
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Am2909A/Ain2911A 


The second difference between the Am2909A and Am2911A 
is that the Am2909A has OR inputs available on each address 
output line. These pins can be used to generate multi-way 
single-cycle branches by simply tying several test conditions 
into the OR lines. See Figure 11. Typically, a branch Is taken to 
an address with zeroes In the least significant bits. These bits 
are replaced with Ts of O's by test conditions applied to the 
OR lines. In Figure 11, the states of the two test conditions X 
and Y result in a branch to 1100, 1101, 1110, or 1111. 



__ \ _ 

1 1 Y X 


How to Perform Some Common Functions 
with the Am2909A or Am2911A 

1. CONTINUE 


MUX/YouT 

STACK 

Cn 

Si So FE PUP 

PC 

HOLD 

H 

L L H X 


Contents of PC placed on Y outputs; PC incremented. 

2. BRANCH 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

D 

HOLD 

H 

H H H X 


Feed data on D inputs straight through to memory address 
lines. Increment address and place in PC. 

3. JliMP-TO-SUBROUTINE 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

D 

PUSH 

H 

H H L H 


Subroutine address fed from D inputs to memoiy 
address. Current PC is pushed onto stack, where it is 
saved for the return. 

4. RETURN-FROM-SUBROUTINE 


MUX/Yout 

STACK 

Cn 

Si So FE PUP 

STACK 

POP 

H 

H L L L 


The address at the top of the stack is applied to the 
microprogram memory, and is incremented for PC on the next 
cycle. The stack Is popped to remove the return address. 


AF001610 

Figure 11. Use of OR inputs to 
Obtain 4 - Way Branch. 

The Am29803A has been designed to selectively apply any or 
all of four different test conditions to an Am2909A. Figure 12 
shows the truth table for this device. A nice trade off between 
flexibility and board space is achieved by Using a single 28-pin 
Am2909A for the least significant four bits of a sequencer, and 
using the space-saving 20-pin Am2911 A's for the remainder of 
the bits. A detailed logic design for such a system is contained 
In "The Microprogramming Handbook." 
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Figure 12. 
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Am29803 FUNCTION TABLE 
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Burn-In Circuit for Am2909A (Fiatpack and CERDIP) 



Burn-in Circuit for Am2911A 


Notes: 

Max. Ice = 2(X)mA 
Ta = +125°C 
Resistors = ± 5 % 

= 390a 
R 2 = 560ft 
R 3 = 1 kft 

fin = lOOkHz, 50% duty-cycle. 0-3V 

From clock buffer on each board: 
Vec niin. = 5.0V 
V<cc tnax. == 5.1V 



This circuit conforms to MIL-STD-883, Method 1005 and 1015, Condition D. Parallel excitation. 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


Vcc 



5.0-VbE“ VoL 

Iol + Vol/ik 


B. NORMAL OUTPUTS 


Vcc 



2.4V 
R 2 = — 
lOH 

5.0 - Vbe - Vql 
>01 + V 0 L/R 2 


Notes; 1. C|_ = 50pF includes scope probe, wiring and stray capacitances without device in text fixture. 

2. Si, S 2 , S 3 are closed during function tests all and AC tests except output enable tests. 

3. Si and 83 are closed while $2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = S.OpF for output disable tests. 


TEST OUTPUT LOADS 



Am2909A 

Pin # 

Pin Label 

Test Circuit 

Ri 

R2 

18-21 

Yo-3 

A 

220 

1 K 

24 

Cn + 4 

B 

220 

2.4K 


TEST OUTPUT LOADS 



Am2911A 

Pin # 

Pin Label 

Test Circuit 

Rl 

R2 

12-15 

Yo-3 

A 

220 

IK 

18 

Cn + 4 

B 

220 

2.4K 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2 . Do not leave Inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100 s of 
millivolts momentarily. 

4. Use extreme care In defining Input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or ViH until the noise has settled. AMD recommends using 
V|L<0V and V|H> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist In testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2912 

Quad Bus Transceiver 


DISTINCTIVE CHARACTERISTICS 

• Input to bus is inverting • Bus compatible with Am2905, Am2906, Am2907 

• Quad high-speed open collector bus transceiver • Advanced Schottky processing 

• Driver outputs can sink 100mA at 0.8V maximum • PNP inputs to reduce input loading 


GENERAL DESCRIPTION 


The Am2912 is a quad Bus Transceiver consisting of four 
high-speed bus drivers with open-collector outputs capable 
of sinking 100mA at 0.8 volts and four high-speed bus 
receivers. Each driver output is connected internally to the 
high-speed bus receiver in addition to being connected to 
the package pin. The receiver has a Schottky TTL output 
capable of driving 10 Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 


The bus output high-drive capability in the LOW state 
allows party-line operation with a line impedance as low as 
10012. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv¬ 
er typical switching point is 2.0 volts. 

The Am2912 features advanced Schottky processing to 
minimize propagation delay. The device package also has 
two ground pins to Improve ground current handling and 
allow close decoupling between Vcc and ground at the 
package. Both GNDi and GND 2 should be tied to the 
ground bus external to the device package. 


BLOCK DIAGRAM 



BD002130 


05400A 
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CONNECTION DIAGRAM 
Top View 

D-16-1 


'^CC ^3 *3 W *2 ^2 ®2 

nnnnnnnn 

16 15 14 13 12 11 10 9 


1 2 3 4 5 6 7 


U u u u □ u u u 

GNOi Bq ^0 Iq >1 Zl ^ GND2 


Note: Pin 1 is marked for orientation 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 


DC, DCB, DM, 

B - Burn-in 

Am2912 

DMB 

— Temperature (See Operating Range) 


FM, FMB 

C -Commercial (0°C to +70®C) 


XC, XM 


M - Military (-56X to +125X) 


’— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 
Quad Bus Transceiver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4 , 5, 11, 13 

>0. h. 

I 2 . <3 

I 

The four driver inputs. 

12 

E 

I 

Enable. When the Enable is HIGH, the four drivers are disabled. 

2, 7, 9, 15 

11 

I/O 

The four driver outputs and receiver inputs (data is inverted). 

3. 6, 10, 14 

Zo, Zi, 

Z 2 . Z 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the I 
inputs is non-in verted. 


TRUTH TABLE 


Inputs 

Outputs 

E 1 

B Z 

L L 

L H 

H X 

H L 

L H 

Y Y 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Y = Voltage Level of Bus 

(Assumes Control by Another 
Bus Transceiver) 


TYPICAL APPLICATION 


GAB 

1/2 OF Am25LS139 
'*'0 Vj Y3 



^11- RECEIVER 

,m29i2 Z2 I-Outputs 


I ,0 I, .2 .3 

Zob- 
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Am2912 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65®C to + 150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous..-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..-0.5V to +Vcc niax 

DC Input Voltage....-0.5V to + 5.5V 

DC Output Current, Into Bus.200mA 

DC Output Current, Into Outputs 

(Except Bus). .30mA 

DC Input Current..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 
(Receiver Outputs) 

Vcc ~ min, Iqh - -1 -0mA 

V|N = V|L or V|H 

MIL 

2.5 

3.4 


Volts 

COM’L 

2.7 

3.4 


VoL 

Output LOW Voltage 
(Receiver Outputs) 

Vcc “ min, Iql = 20mA 

V|N = V|L or V|H 



0.5 

Volts 

ViH 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 



0.8 

Volts 

Vi 

Input Clamp Voltage 
(Except Bus) 

Vcc = min, l|N = -18mA 



-1.2 

Volts 

IlL 

Input LOW Current 
(Except Bus) 

Vcc * max, V|n = 0.4V 

Enable 



-0.36 

mA 

Data 



-0.54 

t|H 

Input HIGH Current 
(Except Bus) 

Vcc = max, ViN = 2.7V 

Enable 



20 

HA 

Data 



30 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max, ViN = 5.5V 



100 

ma 

isc 

Output Short Circuit Current 
(Except Bus) 

Vcc = max (Note 3) 

MIL 

-20 


-55 

mA 

COM’L 

-18 


-60 

•CCL 

Power Supply Current 

(All Bus Outputs LOW) i 

Vcc = max 

Enable = GND 


45 

70 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature....... 0®C to + 70®C 

Supply Voltage..+4.75V to + 5.25V 

Military (M) Devices 

Temperature ..-55®C to +125X 

Supply Voltage..+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Description 


Output LOW Voltage 


Bus Leakage Current 

Bus Leakage Current (Power Off) 

Receiver Input HIGH Threshold 

Receiver Input LOW Threshold 


Test Conditions (Note 2) 


Vcc = min 


Vcc * max 

Vq « 4.5V _ 

Bus Enable = 2.4V 

Vcc = max 

Bus Enable = 2.4V 

Vcc = min 


Iql * 40mA 
Iql “ 70mA 
Iql * 1 00m/ 
Iql * 40mA 
Iql “ 70mA 
•OL ® 100m/ 
Vq O.eV 
Vq = 4.5V 
Vo = 4.5V 


Min 

Typ 

(Note 1) 

Max 


0.33 

0.5 


0.42 

0.7 


0.51 

0.8 


0.33 

0.5 


0.42 

0.7 


0.51 

0.8 



-50 



200 



100 



100 

2.4 

2.0 


2.25 

2.0 



2.0 

1.6 


2.0 

1.75 


Notes: 1. Typical limits are at Vcc “ 5.0V, 25‘’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


TYPICAL PERFORMANCE CURVES 


Typical Bus Output Low Voltage 
Versus Ambient Temperature 


Receiver Threshold Variation 
Versus Ambient Temperature 


IbUS~ IOOt'A 
Ibus = 70*"^ 


Vcc = 5.5V I I I 
Ml(. - Vci “ 4.75V^ 


-55 -35-15 5 25 45 65 85 105 125 
Ta - AMBIENT TEMPERATURE - “C 

OP001460 


-55 -35-15 5 25 45 65 85 105 125 

Ta - AMBIENT TEMPERATURE - °C 

OP001470 
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Am2913 

Priority Interrupt Expander 


DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary • Similar in function to Am54LS/74LS/25LS148/2513 

• Expands use of Am2914 • Gated three-state output 

• Cascadable • Advanced Low-Power Schottky processing 


GENERAL DESCRIPTION 


The Low-Power Schottky Priority Interrupt Expander Is an 
extention of the Am2900 series of Bipolar Processor family 
and is used to expand and prioritize the output of the 
Am2914 Priority Interrupt circuit. Affording an increase of 
vectored priority interrupt in groups of eight, this unit 
accepts active LOW inputs and produces a three-state 
active HIGH output prioritized from active ly to Iq. The 


output is gated by five control signals, three active LC^ 
and two active HIGH. Also provided is a cascade input (El) 
and Enable Output (EO). 

One Am2913 will accept and encode group signal lines 
from up to 8 Am2914's (64 levels of interrupt). Additional 
Am2913's may be used to encode more interrupt levels. 


BLOCK DIAGRAM 



Part No. 

Description 

Am2914 

Vectored Priority Interrupt Controller 

Am25LS2513 

8 to 3 Line Priority Encoder 


03596A 
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Am2913 


CONNECTION DIAGRAM 
Top View 

P-20, D-20 L-20-1 



CD002020 


CD002030 


F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


15 16 17 1 2 3 4 S 



METALLIZATION AND PAD LAYOUT 


'4 

Tb 


Te 

Ty 

El 


A 2 


Al 


Ao 


G4 



Vcc 

EO 


'3 


'2 


G5 


G 2 

Gl 


11 G3 


10 GND 


DIE SIZE 0.082' x 0.085" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2913 D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55X to +125®C) 

—Package 

D- 20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pln plastic DIP 
X-DIce 

Device type 

Priority Interrupt Expander 


Valid Combinations 

Am2913 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

8. 7, 6 

AO. A1, 

A2 

0 

Three-state, active high encoder outputs. 

5 

□ 

1 

Enable input provided to allow cascaded operation. 

19 


0 

Enable output provided to enable the next lower order priority chip. 

12, 13 

Gi, G2 

0 

Active high three-state output controls. 

11, 9, 14 

G3, G4, 

S5 

0 

Active low three-state output controls. 


io -7 

1 

Active low encoder inputs. 


TRUTH TABLE 


Z = HIGH Impedance 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don’t Care 

For Gi = H, G 2 = H, G 3 = L, G 4 = L, G 5 = L 


GI 

G2 

G3 G4 

G5 

Aq Ai A 2 

H 

H 

L 

L 

L 

Enabled 

L 

X 

X 

X 

X 

Z Z Z 

X 

L 

X 

X 

X 

Z Z Z 

X 

X 

H 

X 

X 

Z Z Z 

X 

X 

X 

H 

X 

Z Z Z 

X 

X 

X 

X 

H 

Z Z Z 


Inputs 

Outputs 

El io ii 

h 13 U is >6 h 

Ao 

Ai 

A 2 EO 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

L 

H 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 
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INSTRUCTION 

ENABLE 




V 5 


V4 


V3 


V2 


Vo 


Shown above Is the connection of the instruction lines and vector output lines in a 64-input priority interrupt 
system. The Am2913 is used to encode the most significant bits associated with the vector output. 


VECTOR 

OUTPUT 


AF001300 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
BATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 


Output HIGH Voltage 

Vcc = min 

V|N = V|H or ViL 

mil, loH = -10mA 

mm 

3.4 


IHIIIIH. 

COM'L, loH =-2.6mA 

2.4 

3.2 


IQH - -440/uA 

MIL 

2.5 

3.4 


COM'L 

2.7 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N “ V|H or V|L 

Iql = 4.0mA 



0.4 


Iql “ 8.0mA 




iOL= 12mA(An Outputs) 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 

Voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

llL 

Input LOW Current 

Vcc = max 

V|N = 0.4V 

El, Gi, G 2 , G 3 , S 4 , 55 , io 



0.4 

mA 

All others 



0.8 

l|H 

Input HIGH Current 

Vcc = max 

V|n = 2.7V 

El, Gi, G 2 , ^3, Ca4, ©5, To 



20 

mA 

All others 



40 

l| 

Input HIGH Current 

Vcc = max 

ViN = 7.0V 

p, Gi, G 2 , S 3 , S 4 , © 5 , To 



0.1 

mA 

AH others 



0.2 

lo 

Off-State (High-Impedance) 

Output Current 

Vcc = max 

Vo = 0.4V 



-20 

mA 

Vo = 2.4V 



20 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 


15 

24 

mA 


Notes: 1. Typical limits are at Vcc = 5 0 V, 25‘’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs and outputs open. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta = + 25‘>C, Vcc = 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

ii to An (In-phase) 

Cl = 15pF 

Rl = 2.0 kn 


17 

25 

ns 

tpHL 


17 

25 

tpLH 

ij to An (Out-phase) 


11 

17 

ns 

tpHL 


12 

18 

tpLH 

i; to EO 


7.0 

11 

ns 

tPHL 


24 

36 

tpLH 

B to ^ 


11 

17 

ns 

tpHL 


23 

34 

tpLH 

0 to An 


12 

18 

ns 

tpHL 


14 

21 

tZH 

Gl or G 2 to An 


23 

40 

ns 

tZL 


20 

37 

tZH 

S 3 , S 4 , S 5 to An 


20 

30 

ns 

tZL 


18 

27 

tHZ 

Gi or G 2 to An 

Cl = 5.0 pF 

Rl = 2.0 ka 


17 

27 

ns 

tLZ 


19 

28 

tHZ 

S 3 , S 4 , S 5 to An 


16 

24 

ns 

tLZ 


18 

27 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

Units 

Am2913 

Am2913 

Min 

Max 

Min 

Max 

tpLH 

Ij to An (In-phase) 

Cl = 50 pF 

Rl = 2.0 kfi 


31 

HHI 

■ai 

ns 

tpHL 


30 

HHI 

mm 

tPLH 

ij to An (Out-phase) 


22 

HH 


ns 

tPHL 


22 

BIB 

am 

tPLH 

ij to Eo 


15 


18 

ns 

tpHL 


48 


60 

tpLH 

Ei to EO 

■■1 

KB 


21 

ns 

tPHL 


46 


57 

tpLH 

Ei to An 


22 


25 

ns 

tPHL 


27 


32 

tZH 

Gi or G 2 to An 


42 


49 

1^1 

tZL 


43 


49 

tZH 

S 3 , S 4 , S 5 to An 

iimii 

Bil 

bh 


IBI 

tZL 

hh 

mi 

bh 

BSi 

tHZ 

G-| or G 2 to An 

Cl “ 5.0 pF 

Rl = 2.0 kn 

HHI 

mmi 


40 

mn 

tLZ 

hh 

mmi 


40 

tHZ 

G 3 , S 4 , S 5 to An 


30 1 


35 

IBI 

tLZ 

^■1 

mmi 


35 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Note: i = 0 to 7 
n = 0 to 2 
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Am2914 

Vectored Priority Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 

• Accepts 8 interrupt inputs - • 

Interrupts may be pulses or levels and are stored 
internally 

• Built-in mask register - • 

Six different operations can be performed on 
mask register 

• Built-in status register - • 

Status register holds code for lowest allowed in¬ 
terrupt 


GENERAL DESCRIPTION 

An internal status register is used to point to the lowest 
priority at which an interrupt will be accepted. The contents 
of the status register are compared with the output of the 
priority encoder, and an interrupt request output will occur if 
the vector is greater than or equal to status. Whenever a 
vector is read from the Am2914 the status register is 
automatically updated to point to one level higher than the 
vector read. (The status register can be loaded externally or 
read out at any time using the S pins.) Signals are provided 
for moving the status upward across devices (Group 
Advance Send and Group Advance Receive) and for 
Inhibiting lower priorities from higher order devices (Ripple 
Disable, Parallel Disable, and Interrupt Disable). A status 
overflow output indicates that an interrupt has been read at 
the highest priority. 

The Am2914 is controlled by a 4-bit instruction field I0-I3. 
The command on the instruction lines is executed if IE is 
LOW and is ignored if IE is HIGH, allowing the 4 I bits to be 
shared with other devices. 


RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry Look-ahead Generator 

Am2913 

Priority Interrupt Expander 

Am25L$138 

3-to-8 Decoder 

Am27S19 

Mapping PROM 


The Am2914 is a high-speed, eight-bit priority interrupt unit 
that is cascadable to handle any number of priority interrupt 
request levels. The high-speed of the Am2914 makes it 
ideal for use in Am2900 family microcomputer designs, but 
it can also be used with the Am9080A MOS microproces¬ 
sor. 

The Am2914 receives interrupt requests on 8 interrupt input 
lines (Pq-P?)- A LOW level Is a request. An internal latch 
may be used to catch pulses on these lines, or the latch 
may be bypassed so the request lines drive the level- 
triggered interrupt register directly. An 8-bit mask register is 
used to mask individual interrupts. Considerable flexibility Is 
provided for controlling the mask register. Requests in the 
interrupt register are ANDed with the corresponding bits in 
the mask register and the results are sent to an 8-input 
priority encoder, which produces a three bit encoded vector 
representing the highest numbered input which Is not 
masked. 


Vectored output - 

Output is binary code for highest priority un¬ 
masked interrupt 
Expandable - 

Any number of Am2914's may be stacked for 
large interrupt systems 
Microprogrammable - 
Executes 16 different microinstructions 
Instruction enable pin aids in vertical micropro¬ 
gramming 
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CONNECTION DIAGRAM 
Top View 


D-40-1 


Chip 

L-44-2 




GBOUP SIGNAL 
GROUP ADVANCE 

RECEIVE I-1 

GROUP ENABLE 
INTERRUPT I— 

DISABLE I- 

RIPPLE DISABLE 

PARALLEL 1— 

DISABLE I- 

INTERRUPT I- 

REQUEST ^ 

^ccC 


^P 


Sop 

status 




MtC 




Actual Size 
2” X 0.6” 


[□“2 

'“2 


Rmo 


□ '3 

□ '3 

ZI'1 

I GROUND 
CLOCK 

I I'O 


ill 


26 

26 

24 

23 I]M6 



ihstroction 


21 p Mfi 

CD004210 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 



40 39 38 37 36 35 



16 17 18 19 20 21 22 23 24 25 26 


DIE SIZE 0.133" X 0.187" 

Numbers correspond to DIP pin-out. 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


C B 

1 Valid Combinations | 

1-Screening Option 


DC. DCB, DMB 

Blank - Standard processing 


FMB 

B - Burn-in 

Am2914 

LC, LMB 

-Temperature (See Operating Range) 

C - Commercial (0®C to + 70"C) 


XC, XM 


Am2914 


M - Military (-55°C to 

- Package 
D - 40.pin CERDIP 
F - 42-pin flatpak* 

L - 44-pin Chip Pak 
X - Dice 

Device type 

Priority Interrupt Controller 

*Note: Flatpak available for military only. 


125X) 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip Pak is a registered trademark of Advanced Micro Devices. 
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Am2914 


BLOCK DIAGRAM DESCRIPTION 

The Microinstruction Decode circuitry decodes the Interrupt 
Microinstructions and generates required control signals for 
the chip. 

The Interrupt Register holds the Interrupt Inputs and is an 
eight-bit, edge-triggered register which is set on the rising 
edge of the CP Clock signal. 

The Interrupt latches are set/reset-type latches. When the 
Latch Bypass signal is LOW, the latches are enabled and act 
as negative pulse catchers on the inputs to the Interrupt 
Register. When the Latch Bypass signal is HIGH, the Interrupt 
latches are transparent. 

The Mask Register holds the eight mask bits associated with 
the eight interrupt levels. The register may be loaded from or 
read to the M Bus. Also, the entire register or individual mask 
bits may be set or cleared. 

The Interrupt Detect circuitry detects the presence of any 
unmasked Interrupt Input. The eight-input Priority Encoder 
determines the highest priority, non-masked Interrupt Input 
and forms a binary coded Interrupt Vector. Following a Vector 
Read, the three-bit Vector Hold Register holds the binary 
coded interrupt vector. This stored vector is used for clearing 
interrupts. 

The three-bit Status Register holds the status bits and may be 
loaded from or read to the S Bus. During a Vector Read, the 
Incrementer Increments the Interrupt Vector by one, and the 
result is clocked into the Status Register. Thus the Status 


Register always points to the lowest level at which an Interrupt 
will be accepted. 

The three-bit Comparator compares the Interrupt Vector with 
the contents of the Status Register and indicates If the 
Interrupt Vector is greater than or equal to the contents of the 
Status Register. 

The Lowest Group Enabled Flip-Flop is used when a number 
of Am2914's are cascaded. In a cascaded system, only one 
Lowest Group Enabled Flip-Flop is LOW at a time. It indicates 
the eight interrupt group, which contains the lowest priority 
interrupt level which will be accepted and is used to form the 
higher order status bits. 

The interrupt Request and Group Enable logic contain various 
gating to generate the Interrupt Request, Parallel Disable, 
Ripple Disable, and Group Advance Send signals. 

The Status Overflow signal is used to disable all interrupts. It 
indicates the highest priority Interrupt Vector has been read 
and the Status Register has overflowed. 

The Clear Control logic generates the eight individual clear 
signals for the bits in the Interrupt Latches and Register. The 
Vector Clear Enable Flip-Flop indicates if the last vector read 
was from this group. When it is set, it enables the Clear 
Control Logic. 

The CP clock signal Is used to clock the Interrupt Register, 
Mask Register, Status Register, Vector Hold Register, and the 
Lowest Group Enabled, Vector Clear Enable and Status 
Overflow Flip-Flops, all on the clock LOW-to-HIGH transition. 


BLOCK DIAGRAM 



PIN SYMBOLS 


INPUT PIN 


OUTPUT PIN 


bidirectional 

I/O 


—{E> 


OPEN COLLECTOR 
OUTPUT 


n TN THREE STATE 
OUTPUT 


BD001880 
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TABLE 1 


MICROINSTRUCTION SET FOR Am2914 PRIORITY INTERRUPT CIRCUIT 


l3*2h>o Mnemonic_Instruction 


1110 

LDM 

Mask Register Functions 

Load mask register from M bus 

0111 

RDM 

Read mask register to M bus 

1100 

CLRM 

Clear mask register (enables all priorities) 

1000 

SETM 

Set mask register (inhibits all interrupts) 

1010 

BCLRM 

Bit clear mask register from M bus 

1011 

BSETM 

Bit set mask register from M bus 

1001 

LDSTA 

Status Register Functions 

Load status register from S bus and LGE flip- 

0110 

RDSTA 

flop from GE input 

Read status register to S bus 

1111 

ENIN 

Interrupt Request Control 

Enable interrupt request 

1101 

DISIN 

Disable interrupt request 

0101 

RDVC 

Vectored Output 

Read vector output to V outputs, load V + 1 

0001 

CLRIN 

Into status register, load V into vector hold 
register and set vector clear enable flip-flop. 

Priority interrupt Register Clear 

Clear all interrupts 

0011 

CLRMR 

Clear interrupts from mask register data (uses 

0010 

CLRMB 

the M bus) 

Clear interrupts from M bus data 

0100 

CLRVC 

Clear the individual interrupt associated with 

0000 

MCLR 

the last vector read 

Master Clear 

Clear all interrupts, clear mask register, clear 



status register, clear LGE flip-flop, enable 
interrupt request. 
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Am2914 



Figure 1. Interrupt Request Logic. 




INSTRUCTION ^ 
ENABLE ^ 


'OO 
1 , 0 - 
> 20 - 
>3 0 - 

PASS ALL — 

VECTOR CLEAR 

ENABLE — 


MICROINSTRUCTION 
DECODE 
CIRCUITRY 
(SEE TABLE 1) 


A 

B 

C 

D 

E 

F 

G 

J 

K 

L 

M 

N 

R 

S 

OE-M 

or=;s 


PF001130 

Figure 2. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150®C 

(Ambient) Temperature Under Bias.-55°C to ■fllOX 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc nriax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature...-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

MIL, loH=-1.0mA 

2.4 



Volts 

COM’L, loH =-2.6mA 

2.4 



ICEX 

Output Leakage Current 
for IR Output 

Vcc = min, Vo = 5.5V 



250 

ma 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 

Iql ’’’’ 4.0mA 



0.4 

Volts 

lOL = 8.0mA 



0.45 

lOL = 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N=-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max. 

V|N = 0.4V 

Mo-7 



-0.15 

mA 

So -2 



-0.1 

L. B. 



-0.4 

itd: 



-2.0 

lE 



-1.08 

All Others 



-0.8 

l|H 

Input HIGH Current 

Vcc = max, 

V|N = 2.7V 

Mo-7 



150 

HA 

So -2 



100 

GE, GAR 



40 

lE 



60 

rcT 



60 

All Others 



20 

l| 

Input HIGH Current 

Vcc = max. ViN = 5.5V 



1.0 

mA 

lOZL 

Off-State Output Current 

Vcc = max 

VoUT = 0.5V 

Mo-7 



-150 

IJlA 

So -2 



-100 

Vo -2 



-50 

lOZH 

VOUT * 2.4V 

Mo-7 



150 

So -2 



100 

Vo .2 



50 

icc 

Power Supply Current 

Vcc = max 

COM’L 

ox 



305 

mA 

70X 



250 

MIL 

-55X 



310 

125X 



200 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-30 


-85 

mA 


: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


type. 
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SWITCHING CHARACTERISTICS OVER OPERATING VOLTAGE AND TEMPERATURE RANGE 

(Group A, subgroup 10 and 11 tests and limits) All outputs fully loaded, Cl = 50pF. Measurements made at 1.5V with input levels of 
0 and 3.0V. For Interrupt Request Output, Rl = 390n, Vload “ 5.0V. 

TABLE I. CLOCK AND INTERRUPT INPUT PULSE WIDTHS (ns) 


Time 


COMMERCIAL 


MILITARY 


Minimum Clock LOW Time 


30 


Minimum Clock HIGH Time 


30 


30 


Minimum Interrupt Input (Pq-P?) LOW Time 
for Guaranteed Acceptance (Pulse Mode) 


40 


40 


Maximum Interrupt Input (Pq-P?) LOW Time 
for Guaranteed Rejection (Pulse Mode) 


Minimum Clock Period, IE * H on current 
cycle and previous cycle 


50 


55 


Minimum Clock Period, IE = 
cycle or previous cycle 


L on current 


TABLE II. MAXIMUM COMBINATIONAL PROPAGATION DELAYS (ns) 



To Output 


COMMERCIAL 

MILITARY 







Group 






Group 


M 

s 


Irpt 

Ripple 

Advance 

SM 

s 


Irpt 

Ripple 

Advance 

From Input 

Bus 

Bus 

Voi2 

Req 

Disable 

Send 

Bus 

Bus 

Voi 2 

Req 

Disable 

Send 

IE 

tm 


65 

- 

- 

56 



70 

- 

- 

62 

<0123 

wm 


65 

- 

- 

56 

60 

68 

70 

- 

- 

62 

Irpt. Disable 


- 

45 

IQ 

20 

30 

- 

- 

48 

— 

22 

33 


TABLE III. MAXIMUM DELAYS FROM CLOCK TO OUTPUTS (ns) 


COMMERCIAL 


Clock Path 

To 

Voi 2 

To 

Irpt 

Req 

To 

PD 

To 

RD 

To 

GAS 

To 

Status 

O'flow 

To 

To 

Voi 2 

To 

Irpt 

Req 

To 

PD 

To 

RD 

To 

GAS 

To 

Status 

O'flow 

To 

Irpt Latches and Register 

ra 

EB 

wm 


kb 

- 

- 

kb 

BBHI 

mm 


mm 

- 

- 

Mask Register 

wm 

KB 



Bi 

- 

- 

82 

10^ 

75 

75 

85 

- 

- 

Status Register 

wm 

88 

63 

63 

70 

- 

- 

73 

96 

66 

66 

76 

- 

- 

Lowest Group Enabled Flip-Flop 


- 

■a 


- 

- 


- 

- 

54 

58 

- 

- 


Irpt Request Enable Flip-Flop 

- 


- 

- 

- 

- 

- 

- 

66 

- 

- 

- 

- 

- 

Status Overflow Flip-Flop 

- 

- 

- 

- 

- 

35 

- 

- 

- 

- 

- 

- 

40 

- 


MILITARY 


TABLE IV. SETUP AND HOLD TIME REQUIREMENTS (ns) 

(All relative to clock LOW-to-HIGH transition) 


From Input 

COMMERCIAL 

MILITARY 

Am2914 

Am2914 

Set-Up Time 

Hold Time 

Set-Up Time 

Hold Time 

S-Bus 

15 

10 

15 

10 

M-Bus 

15 

10 

15 

10 

Po-p? 

15 

8 

15 

8 


20 

0 

20 

0 

IE 

loi23 (See Note) 

55 

tpwL + 33 

0 

55 

IpwL + 40 

0 

Gl 

15 

13 

15 

13 

(5^ 

15 

13 

15 

13 

Irpt Disable 

42 

0 

42 


Pq-P? Hold Time 
Relative to LB 

. 1 

25 

- 

25 


Note: tpwL is the Clock LOW Time. Both Set-up times must be met. 
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SWITCHING TEST CIRCUIT 

C. OPEN-dOLLECTOR OUTPUTS D. THREE-STATE OUTPUTS 

'^LOAD “ ^ '^LOAD ® 


Si 

Vqut o— < y ^ o - 


=T=^«- 


VOUT 0“ 


=F Cl ^240 


TC001200 


TC001210 


TEST OUTPUT LOAD FOR Am2914 


Pin # 

Pin Label 

Test Circuit 

Ri 

R2 

3 

Group 

Signal 

C 

2K 

- 

4 

Group 

Advance 

Receive 

c 

2K 

- 

7 

Ripple 

Disable 

c 

2K 

- 

8 

Parallel 

Disable 

c 

2K 

- 

9 

Interrupt 

Request 

c 

390 

- 

13-11 

So -2 

D 

240 

240 

14 

Status 

Overflow 

C 

2K 

- 

18-16 

Vo -2 

D 

240 

240 


Mo-7 

D 

240 

240 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 
may allow the ground pin at the device to rise by 100s of 

- millivolts momentarily. 


4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L<0V and V|h> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2915A 

Quad Three-State Bus Transceiver with Interface Logic 


DISTINCTIVE CHARACtERISTICS 


• Quad high-speed LSI bus-transceiver 

• Three-state bus driver output can sink 48mA at 0.5V 
max. 

• Two-port input to D-type register on driver 


• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12mA 

• 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2915A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces¬ 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive foUr 
D-type latches that feature three-state outputs. 

This LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable iiiput 
(BE) is used to force the driver outputs to the high- 
impedance state. When SI is^ HIGH, the driver is disabled. 
The VoH and Vql of the bus driver are selected for 
compatibility with standard and low-power Schottky Inputs. 

The input register consists of four D-type flip-flops with a 
buffered common clock and two-input multiplexer at the 


input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
In the register and when S is HIGH, the Bj data is stored. 
The buffered common clock (DROP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data Is non-inverted from driver Input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t is controlled fro m the buffered receiver latch 
enable (BLE) input. When the RLE input Is LOW, the latch 
is open and the receiver outputs will follow th e bu s inputs 
(BUS data inverted and SE LOW). When the RLE input Is 
HIGH, the latch will close and retain the present data 
regardless of the bus input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (SE) Input. When QE is HIGH, the 
receiver outputs are in the high-impedance state. 


BLOCK DIAGRAM 



05401A 
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CONNECTION DIAGRAM 
Top View 

D-24-1 



Note: Pin 1 is marked for orientation 



LOGIC SYMBOL 



4 3 

1 1 

89 16 15 . 20 21 

II 1 1 1 1 


13- 

Ao Bo 

S 

Ai A2 B2 A3 83 

Bq 

— 2 

23- 

DRCP 

Rl 

- 10 

11 —o 

BE 

Am2915A 


1 —O 

RLE 

R2 

- 14 

12 O 

OE 

BUSq 

R3 

BUS^ BUS2 BUS3 

-22 


METALLIZATION AND PAD LAYOUT 


T t f t 


LS000780 



DIE SIZE .074" X 0.130" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2915A 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 


DC, DCB, DM, 

B - Burn-in 

Am2915A 

DMB 

— Temperature (See Operating Range) 


FM, FMB 

C -Commercial (0°C to +70®C) 


XC, XM 


M - Military (-55X to +125X) 

- Package 
D-24-pin CERDIP 
F-24-pin flatpak 
P-24-pin plastic DIP 
X- Dice 


Device type 

Quad 3-state Bus Transceiver 


Valid Combinations 

Consult the AMD sales office In, your area to 
determine If a device is currently available in the 
combination you wish. 


5-132 


05401A 

Refer to Page 13-1 for Essential Information on Military Devices 





PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

8, 16, 20 

Ao. Ai, 

A2. Ag 

I 

The ”A" word data input into the two input multiplexer of the driver register. 

3, 9, 15, 21 

Bo. Bi, 

Bg. Bg 

I 

The ”B" word data input into the two input multiplexers of the driver register. 

13 

S 

I 

Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 

23 

DRCP 

I 

Driver Clock Pulse. Clock pulse for the driver register. 

11 

BE 

I 

Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 

5, 7, 17, 19 

BDSo, 

BUSi 

BDS 2 , 

BDSg 

I/O 

The four driver outputs and receiver inputs (data is inverted). 

2, 10, 14, 

22 

Ro- Ri. 

R 2 . R 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 

1 

RLE 

0 

Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 

12 

Qe 

0 

Output Enable. When the GE input is HIGH, the four three state receiver outputs are in the high-impedance state. 


FUNCTION TABLE 










■ 






INPUTS 




BUS 

OUTPUT 


s 

A| 

B| 

DRCP 

BE 

RLE 

OE 




R| 

FUNCTION 

D 

D 

D 


D 

D 

D 

X 

X 

z 

X 

Driver output disable 

D 

□ 

D 

B9 

D 

B 

n 

X 

X 

X 

z 

Receiver output disable 




IDi 


B 

n 

X 

L 

L 


Driver output disable and 


□ 




B 

D 

X 

H 

H 


receive data via Bus input 

D 

□ 

□ 


D 

B 

D 

X 

NC 

X 

X 

Latch received data 

n 

n 

R 



B 

n 

L 

X 




11 

H 

H 



B 

M 

H 

X 



Load driver register 


D 

n 




BR 

L 

X 

X 


u 

u 

H 

RH 




H 

X 

X 




R 

R 

■■ 

Ri 

Ri 


NC 

X 

B 


No driver clock restrictions 

D 

a 

□ 



B 


NC 

X 




R 

R 

R 

n 

n 

X 


L 

X 



Drive Bus 

R 

R 

D 

mm 

11 

X 


H 

X 





H =HIGH Z =HIGH Impedance X = Don't care i =0, 1, 2, 3 

L = LOW NC = No change t = LOW to HIGH transition 
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APPLICATIONS 



DATA ADDRESS CONTROL 

BUS BUS BUS 


AF001010 

The Am2915A is a universal Bus Transceiver useful for many 
system data, address, control and timing Input/output Interfaces. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65°C to +150°C Commercial (C) Devices 

(Ambient) Temperature Under Bias.-55®C to +125®C Temperature.0®C to +70®C 

Supply Voltage to Ground Potential Supply Voltage.+ 4.75V to + 5.25V 

Continuous.-0.5V to +7.0V ...... • 

DC voltage Applied to Outputs For VemperLe'''..-55»C to + 125«C 

.Supply Voltage.+4.5V to +5.5V 

DC Output Current, Into Outputs 

DC Output Current, Into Bus.100mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 


Receiver 

Output HIGH Voltage 

Vcc * min 

V|N = V|L or V|H 


2.4 

3.4 




2.4 

3.4 


Vcc = 5.0V, Ioh = -ioomA 

3.5 




Output LOW Voltage 
(Except Bus) 

Vcc “ min 

V|N " V|L or V|H 

•OL = 4.0mA 


0.27 

0.4 


lOL * 8.0mA 


0.32 

0.45 

IOL= 12mA 


0.37 


V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 




V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc = min, liN^-ISmA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

Vcc = max, V|n = 0 .4V 

BE, RLE 



-0.72 

mA 

All other inputs 



-0.36 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc “ max, ViN = 2.7V 



20 

fxA 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max, V|n « 7.0V 



100 

juA 

•sc 

Output Short Circuit Current 
(Except Bus) 

Vcc “ max 

-30 


-130 

mA 

icc 

Power Supply Current 

Vcc* max 


63 

95 

mA 

lo 

Off-State Output Current 
(Receiver Outputs) 

Vcc = max 


nmmu 

bhhh 

50 

ma 

Vo “ 0.4V 



-50 

Notes: 1. Typical limits are at Vcc * 5.0 V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 

Parameters 

Description 

Test Conditions (Note 2) 





VOL 

Bus Output LOW Voltage 

Vcc * MIN 

lOL * 24mA 



0.4 

Volts 

lOL * 48mA 



0.5 

VOH 

Bus Output HIGH Voltage 

Vcc * min 

COM’L. loH*-20mA 

2.4 



Volts 

MIL. loH = -15mA 

lo 

Bus Leakage Current 
(High Impedance) 

Vcc * max 

Bus enable = 2.4V 

Vo = 0.4V 



-200 

txA 

Vo =» 2.4V 



50 

Vo “ 4.5V 



100 

lOFF 

Bus Leakage Current 
(Power OFF) 

Vo = 4.5V 

Vcc * ov 



100 

mA 

V|H 

Receiver Input HIGH 

Threshold 

Bus enable = 2.4V 

_ 

2.0 



Volts 

V|L 

Receiver Input LOW Threshold 

Bus enable*2.4V 

COM’L 



0.8 

Volts 

MIL 



0.7 

isc 


Vcc * max 

Vo = ov 


-120 


mA 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 





COMMERCIAL 






Am2915A 

Am2915A 


Parameters 

Description 

Test Conditions 



Max 



Max 

Units 

tPHL 

Driver Clock (DROP) to Bus 



21 

||c|^ 


21 

KB 

ns 

tPLH 

Cl (BUS) * 50 pF 


21 

KSi 


21 

KB 

tZH. tzL 

Bus Enable (SE) to Bus 

rl (BUS) = 130 n 


13 



13 

mm 

ns 

tHZ. tu 



13 

mm 


13 

mm 

Is 

Data Inputs (A or B) 


mm 



mm 



ns 

th 





8.0 



Is 

Select Input (S) 








ns 

th 








tpw 

Driver Clock (DRCP) Pulse Width 
(HIGH) 


17 






ns 

tPLH 

Bus to Receiver Output 



18 

IgQI 


18 

||^[| 

ns 

tPHL 

(Latch Enable) 

Cl = 15pF 


18 



18 

KB 

tpLH 

Latch Enable to Receiver Output 

Rl = 2.0 k^2 


21 



21 

KB 

ns 

tPHL 



21 



21 

KB 

ts 

Bus to Latch Enable (RLE) 


■El 



mm 




th 


mm 







tZH. tzL 

Output Control to Receiver Output 



14 



14 


ns 

tHZ. tLZ 

Cl = 5pF, RL = 2.0kf2 


14 

Bjcil 

_ 

14 



Notes: 1. Typical limits are at Vcc = 5 0V. 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING TEST CIRCUIT 



TC000880 


SWITCHING WAVEFORMS 



WF002280 


Note: Bus to Receiver output delay is measured by clocking data into the driver register and 
measuring the BUS to R combinatorial delay. 
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Am2916A 

Quad Three-State Bus Transceiver with Interface Logic 


DISTINCTIVE CHARACTERISTICS 


• Quad high-speed LSI bus-transceiver 

• Two-port input to D-type register on driver 

• Three-state bus driver output can sink 48mA at 0.5V 
max. 


• Internal 4-bit odd parity checker/generator 

• Receiver output latch can sink 12mA 

• 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2916A is a high-performance, low-power Schottky 
bus transceiver intended for bipolar or MOS microproces¬ 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops with a built-in two-input multiplexer 
on each. The flip-flop outputs are connected to four three- 
state bus drivers. Each bus driver is internally connected to 
the input of a receiver. The four receiver outputs drive four 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 

The LSI bus transceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable input 
(BE) is used to force Jhe driver outputs to the high- 
impedance state. When BE is HIGH, the driver is disabled. 

The Input register consists of four D-type flip-flops with a 
buffered common clock and two-input multiplexer at the 
Input of each flip-flop. A common select input (S) controls 
the four multiplexers. When S is LOW, the Aj data is stored 
in the register and when S Is HIGH, the Bj data Is stored. 


The buffered common clock (DROP) enters the data Into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 
output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t Is controlled fro m the buffered receiver latch 
enable (RLE) input. When the RLE Input is LOW, the latch 
is open and the receiver outp uts w ill follow the bus inputs 
(BUS data inverted). When the RLE input is HIGH, the latch 
will close and retain the present data regardless of the bus 
input. 

The Am2916A features a built-in four-^t odd parity check¬ 
er/generator. The bus enable Input (BE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable is LOW (driver enabled), odd parity is 
generated based on the A or B field data input to the driver 
register. When BE Is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the BUS parity is checked. 


BLOCK DIAGRAM 
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CONNECTION DIAGRAM 
Top View 

D-24-1 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


4 3 8 9 16 IS 20 21 



RO 2 
Bo 3 

Aq 4 
BUSo 5 

GNDi 6 

BUSi 7 
A, 8 

Bi 9 

Rl 10 



23 DBCP 

22 R3 
21 B3 

20 A3 
19 BUS3 

18 GND2 

17 BUS2 
16 

15 B2 
14 R2 

13 S 


ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (If applicable), package type, operating range and screening option (if desired). 


Am2916A 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 


DC, DCB, DM, 

B - Burn-in 

Am2916A 

DMB 

— Temperature (See Operating Range) 


FM, FMB 

C -Commercial (0®C to +70®C) 


XC, XM 


M - Military (-55X to +125X) 


'— Package 

D-24-pin CERDIP 
F-24-pin flatpak 
P-24-pin plastic DIP 
X- Dice 

Device type 

Quad 3-state Bus Transceiver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4, 8, 16, 20 

Ao. Ai, 

A2. Ag 

1 

the "A” word data input into the two Input multiplexer of the driver register. 


Bo. Bi, 

Bg, Bg 

1 

The "B" word data input into the two input multiplexers of the driver register. 

13 

S 

1 

Select. When the select input is LOW, the A data word is applied to the driver register. When the select input is HIGH, 
the B word is applied to the driver register. 

23 

DRCP 


Driver Clock Pulse. Clock pulse for the driver register. 

11 

BE 

1 

Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high-impedance state. 


BU5o. 

BD§i 

BUSg, 

BU§g 

I/O 

The four driver outputs and receiver inputs (data is inverted). 

2, 10, 14, 

22 

Ro. Ri. 

R2. R 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the A or B inputs is non-inverted. 

1 

WE 

0 

Receiver Latch Enable. When RLE is LOW, data on the BUs Inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of all other inputs. 

12 

ODD 

0 

Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance state. 


FUNCTION TABLE 








INTERNAL 







INPUTS 



TO DEVICE 

BUS 

OUTPUTS 


S 

A| 

Bi 

DROP 

BE 

RLE 

Di 

Qi 

BUS{ 

R| 

ODD 

FUNCTION 

X 

X 

X 

X 

H 

X 

X 

X 

z 

X 

PQ 

Driver output disable 

X 

X 

X 

X 


X 

X 

X 

X 

X 

PD 

Driver output enable 

X 

X 

X 

X 

H 

L 

X 

L 

L 

H 

H 

Driver output disable and 

X 

X 

X 

X 

H 

L 

X 

H 

H 

L 

H 

receive data via Bus input 

X 

X 

X 

X 

X 

H 

X 

NC 

X 

NC 

X 

Latch received data 

L 

L 

X 

1 

X 

X 

L 

X 

X 

X 

X 


L 

H 

X 

1 

X 

X 

H 

X 

X 

X 

X 

Load driver register 

H 

X 

L 

1 

X 

X 

L 

X 

X 

X 

X 

H 

X 

H 

1 

X 

X 

H 

X 

X 

X 

X 


X 

X 

X 

L 

X 

X 

NC 

X 

X 

X 

X 

No driver clock restrictions 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

X 

X 


X 

X 

X 

X 

L 

X 

L 

X 

H 

X 

H ^ 

Drive Bus 

X 

X 

X 

X 

L 

X 

H 

X 

L 

X 

H 



H =HIGH Z = HIGH Impedance X = Don’t care i =0,1. 2, 3 

L = LOW NC = No change r = LOW to HIGH transition 

PQ=Parity of Q latches 
PD=Parity of D flip-flops 


PARITY OUTPUT FUNCTION TABLE 


BE 

ODD PARITY OUTPUT 

L 

ODD = Iq ® li ® I 2 ® I 3 

H 

ODD = Qq ® Q-j ® Qg ® Q 3 


Ij = Selected input Aj or Bj 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature...“65®C to +160®C 

(Ambient) Temperature Under Bias.......-55®C to +125®C 

Supply Voltage to Ground Potential 

Continyous .....~0.6V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. ..~0.6V to +Vcc nfiax 

DC Input Voltage.~0.5V to +7.0V 

DC Output Cyrrent, Into Outputs 

(Except Bus)... 30mA 

DC Output Current, Into Bus. .....100mA 

DC Input Current ..- 30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 




Units 


Receiver 

Output HIGH Voltage 

Vcc " MIN 

V|N “ Vit or V|H 

MIL: Iqh - -1 OmA 

2.4 

3.4 


Volts 

COM’L: loH--2.6mA 

2.4 

■BQIi 


Vcc-5.0V, lOH-’-IOC 

ma 

3.5 



VOH 


EBHSBI 

MIL 

2.5 

3.4 




mem 

■BQHI 


VOL 

Output LOW Voltage 
(Except Bus) 

Vcc -min 

V|N - VlL or V|H 

Iql - 4.0mA 



0.4 

Volts 

Iql - 8.0mA 


■Esai 

0.45 

Iql - 12mA 


().37 

0.5 


Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH for all inputs 

2.0 



Volts 

ViL 

input LOW Level 
(Except Bus) 


MIL 



0.7 


COM'L 



0.8 

V| 

input Clamp Voltage 
(Except Bus) 

Vcc- min, l|N--18mA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 





-0.72 

mA 




-0.36 

l|H 


Vcc - MAX, V|N - 2.7V 



20 

/uA 

h 

1 Bw 

Vcc - MAX, V|N - 7.0V 



100 

yA 

isc 

. 

Output Short Circuit Current 
(Except Bus) 

Vcc-MAX 

RECEIVER 

-30 


-130 

mA 

PARITY 

-20 



Icc 

Power Supply Current 

Vcc - MAX, All inputs ^ GND 


75 

110 

mA 


Notes; 1. Typical limits are at Vcc*‘5,0 V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Commercial (C) Devices 

Temperature ......0®C to +70®C 

Supply Voltage.....+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage........+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

Max. 

Units 

VoL 

Bus Output LOW Voltage 

Vcc = min 

lOL “ 24mA 



0.4 

Volts 

•OL 48mA 



0.5 

VOH 

Bus Output HIGH Voltage 

Vcc “ MIN 

COM'L, loH = -20mA 

2.4 



Volts 

MIL, loH = -15mA 

lo 

Bus Leakage Current 
(High Impedance) 

Vcc = max 

Bus enable = 2.4V 

Vo = 0.4V 



-200 

/uA 

Vo = 2.4V 



50 

Vo = 4.5V 



100 

lOFF 

Bus Leakage Current 
(Power OFF) 

Vo * 4.5V 

Vcc = ov 



100 

juA 

V|H 

Receiver Input HIGH 

Threshold 

Bus enable = 2.4V 

2.0 



Volts 

V|L 

Receiver input LOW Threshold 

Bus enable = 2.4V 

COM’L 



0.8 

Volts 

MIL 



0.7 

isc 

Bus Output Short Circuit Current 

Vcc = max 

Vo = 0V 

-50 

-120 

-225 

mA 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 





COMMERCiAL 

MiLITARY 





Am2916A 

Am2916A 


Parameters 

Description 

Test Conditions 




Min 

Typ 

(Note 1]j 

Max 

Units 

fPHL 

Driver Clock (DROP) to Bus 



21 



21 

KB 

B 

tPLH 

Cl (BUS) = 50 pF 


21 



21 

OB 

tZH. tZL 

Bus Enable (BE) to Bus 

Rl (BUS) = 130 


13 



13 

OB 

mm 

tHZ. tLZ 



13 

18 


13 

El 

OKI 

ts 

Data Inputs (A or B) 


mm 



mm 



o 

th 


1031 



Mm 



ts 

Select Inputs (S) 









fh 


IXI 



ESI 




tpw 

Clock Pulse Width (HIGH) 


BQI 



Oil 



mm\ 

tPLH 

Bus to Receiver Output 



18 

031 


18 

lOi 


tPHL 

(Latch Enabled) 



18 



18 

OB 

ns 

tpLH 

Latch Enable to Receiver Output 



21 

OB 


21 

KB 

ns ] 

tpHL 



21 



21 

IBI 

fs 

Bus to Latch Enable (RLE) 


■El 



mm 



ns 

th 

Cl=15pF 

4.0 



OB 



tpLH 

A or B Data to Odd Parity Output 

Rl = 2.0 kS2 


32 

■a 


32 

■a 

ns 

tpHL 

(Driver Enabled) 



26 

36 


26 

■a 

tpLH 

Bus to Odd Parity Output 



21 



21 

HB 

ns 

tpHL 

<Driver Inhibited, Latch Enabled) 



21 

031 


21 

OB 

tPLH 

Latch Enable (RLE) to 



21 

(KM 


21 

KB 

ns 

tPHL 

Odd Parity Output 



21 

lUckll 


21 

36 


Notes: 1. Typical limits are at Vcc = 5 0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING TEST CIRCUIT 



*Cl = 15pF for tpLH, tpHL. tZb tzH 
Cl = 5pF for tHZ, ^LZ 


SWITCHING WAVEFORMS 


N -Vo 

h— 

J - ''OI 


Note: Bus to Receiver output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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Am2917A 

Quad Three-State Bus Transceiver with Interface Logic 


DISTINCTIVE CHARACTERISTICS 


• Quad high-speed LSI bus-transceiver 

• P-type driver register with tri-state bus driver output can 
sink 48mA at 0.5V max. 

• Internal 4-bit odd parity checker/generator 


• Receiver has output latch for pipeline operation 

• Three-state receiver outputs sink 12mA 

• 3.5V minimum output high voltage for direct interface to 
MOS microprocessors 


GENERAL DESCRIPTION 


The Am2917A is a high-performance, low-power Schottky 
bus transceiver Intended for bipolar or MOS microproces¬ 
sor system applications. The device consists of four D-type 
edge-triggered flip-flops. The flip-flop outputs are connect¬ 
ed to four three-state bus drivers. Each bus driver is 
internally Connected to the input of a receiver. The four 
receiver outputs drive four D-type latches, that feature 
three-state outputs. The device also contains a four-bit odd 
parity checker/generator. 

This LSI bus trarisceiver is fabricated using advanced low- 
power Schottky processing. All inputs (except the BUS 
Inputs) are one LS unit load. The three-state bus output can 
sink up to 48mA at 0.5V maximum. The bus enable input 
(B€) is used to forpe the driver outputs to the high- 
impedance state. When is HIGH, the driver is disabled. 

The input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock 
(DRCP) enters the A| data into this driver register on the 
LOW-to-HIGH transition. 

Data from the A input is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver 


output. Thus, data is non-inverted from driver input to 
receiver output. The four receivers each feature a built-in D- 
type lat ch tha t is controlled fro m the buffered receiver latch 
enable (RLE) input. When the RLE input is LOW, the latch 
is open and the receiver outputs will follow th e bu s inputs 
(BUS data inverted and DE LOW). When the RLE input is 
HIGH, the latch will close and retain the present data 
regardless of the bus Input. The four latches have three- 
state outputs and are controlled by a buffered common 
three-state control (OE) Input. When OE Is HIGH, the 
receiver outputs are in the high-impedance state. 

The Am2917A features a built-in four-W odd parity check¬ 
er/generator. The bus enable input (RE) controls whether 
the parity output is in the generate or check mode. When 
the bus enable is LOW (driver enabled), odd parity is 
generated based on the A field data input to the driver 
register. When BE is HIGH, the parity output is determined 
by the four latch outputs of the receiver. Thus, if the driver 
is enabled, parity is generated and if the driver is in the 
high-impedance state, the BUS parity is checked. 


BLOCK DIAGRAM 


SuSq 605, 6052 6053 



BD001890 
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CONNECTION DIAGRAM 
Top View 

D-20-1 


ffLlC 


20 

]|]VCC 

roQ 

2 

Id 

II]] DROP 

AOC 

3 

18 

□ «3 

bUsoQ 

4 

17 

□ A3 

GNOiQ 

5 

16 

|]]BUS3 

busiQ 

6 

IS 

□ gnD2 

AtC 

7 

14 

|||]bUS2 

BfC 

8 

13 

□ A2 

Bic: 

9 

12 

□ «2 

ooo[[^ 

10 

11 

□ ol 



CD004160 

: Pin 1 

is marked for oriental 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 




ODD 

DIE SIZE .074" X .130" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2917A 


C B 

Valid Combinations 

I—Screening Option 


PC 

Blank - Standard processing 


DC, DCB, DM, 

B - Burn-in 

Am2917A 

DMB 

— Temperature (See Operating Range) 


FM, FMB 

C -Commercial (0°C to +70®C) 


XC, XM 


M - Military (-55X to +125®C) 

- Package 
D- 20-pin CERDIP 
F-20-pin flatpak 
P-20-pin plastic DIP 
X- Dice 


Device type 

Quad 3-state Bus Transceiver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

3, 7 

13, 17 

>> 
G3 ^ 

1 

The four driver register inputs. 

19 

DROP 

1 

Driver Clock Pulse. Clock pulse for the driver register. 

9 

BE 

1 

Bus Enable. When the Bus Enable is HIGH, the four drivers are in the high impedance state. 

4. 6, 14, 16 

BUSo. 

BUSi, 

BUS2, 

BUSa 

I/O 

The four driver outputs and receiver inputs (data is inverted). 

2, 8, 12, 18 

Rq. Ri. 

Ra. R 3 

0 

The four receiver outputs. Data from the bus is inverted while data from the A inputs is non-inverted. 

1 

RLl 

1 

Receiver Latch Enable. When RLE is LOW, data on the BUS inputs is passed through the receiver latches. When RLE 
is HIGH, the receiver latches are closed and will retain the data independent of ail other inputs. 

10 

ODD 

0 

Odd parity output. Generates parity with the driver enabled, checks parity with the driver in the high-impedance state. 

11 

OE 

1 

Output Enable. When the OE input is HIGH, the four three-state receiver outputs are in the high-impedance state. 


FUNCTION TABLE 


INPUTS 

INTERNAL 
TO DEVICE 

BUS 

OUTPUT 

FUNCTION 

A| 

DROP 

BE 

RLE 

Of 

Di 

Qi 

BUSi 

R| 

X 

X 

H 

X 

X 

X 

X 

z 

X 

Driver output disable 

X 

X 

X 

X 

H 

X 

X 

X 

. z 

Receiver output disable 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver output disable and 

X 

X 

H 

L 

L 

X 

H 

H 

L 

receive data via Bus input 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch received data 

L 

T 

X 

X 

X 

L 

X 

X 

X 

Load driver register 

, H 

T 

X 

X 

X 

H 

X 

X 

X 


X 

L 

X 

X 

X 

NC 

X 

X 

X 

No driver clock restrictions 

X 

H 

X 

X 

X 

NC 

X 

X 

X 


■1 


L 


n 

WBM 

X 

n 


Drive Bus 

Wm 


L 


D 


X 

n 




H =HIGH Z =HIGH Impedance X = Don’t care i =0, 1, 2, 3 

L = LOW NC = No change T = LOW to HIGH transition 


PARITY OUTPUT FUNCTION TABLE 


BE 

ODD PARITY OUTPUT 

L 

H 

ODD = Aq © At © A2 © A3 

ODD = Qo © Qi © Q 2 © Q 3 
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APPLICATIONS 



I/O 

BUS 


A 

BUS Am2917A 
R 




R BUS 


AF001380 


The Am2917A can be used as an I/O Bus Transceiver and 
Main Memory I/O Transceiver in high-speed Microprocessor Systems. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature ..-65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous ....0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage..-0.5V to +7.0V 

DC Output Current, Into Bus.100mA 

DC Output Current, Into Outputs 

(Except Bus)...30mA 

DC Input Current ...-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. ..0®C to +70®C 

Supply Voltage......+4.75V to + 5.25V 

Military (M) Devices 

Temperature .. 55®C to +125®C 

Supply Voltage... .+4.5V to +5.6V 

Operating ranges define those limits over which the function 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 



VOH 

Receiver 

Output HIGH Voltage 

Vcc“MIN 

V|N * V|L or V|H 

MIL: loH“-10mA 

2.4 

3.4 



COM’L: loH“-2.6mA 

2.4 

3.4 


Vcc“5.0V, loH*-100/iA 

3.6 



O 

I 

Parity 

Output HIGH Voltage 

Vcc * min, Ioh - - 660 mA 

V|N » V|H or V|L 

MIL 

2.5 

3.4 


jumoii 

COM’L 

2.7 

3.4 


VOL 

Output LOW Voltage 
(Except Bus) 

Vcc “ MIN 

V|N “ V|L or V|H 

lOL “ 4.0mA 


0.27 

0.4 

IIIIIQI^^ 

lOL “ 8.0mA 


0.32 

0.45 

lOL “ 12mA 


0.37 

0.5 

V|H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH for all inputs 

2.0 




V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 

MIL 



0.7 


COM’L 



0.8 

V| 

Input Clamp Voltage 
(Except Bus) 

Vcc “MIN, l|N“-18mA 





l|L 

Input LOW Current 
(Except Bus) 

Vcc “ max, V|n 0.4V 

HE, HtE 



-0.72 


All other inputs 



-0.36 

l|H 

Input HIGH Current 
(Except Bus) 

Vcc “ max, V|n = 2.7V 



20 


l| 

Input HIGH Current 
(Except Bus) 

Vcc “ max, ViN “ 7.0V 



100 

juA 

isc 

Output Short Circuit Current 
(Except Bus) 

Vcc “ max 

RECEIVER 

-30 


-130 

mA 

PARITY 

-20 


-100 

•cc 

Power Supply Current 

Vcc * max 


63 

95 

mA 

b 

Off-State Output Current 
(Receiver Outputs) 

Vcc “ max 

Vo “ 2.4V 



50 

ma 

Vo “ 0.4V 



-50 
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BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

Max 

Units 

VoL 

Bus Output LOW Voltage 

Vcc ' min 

lOL “ 24mA 



0.4 

IIIIIQIII 

lOL ” 48mA 



0.5 


Bus Output HIGH Voltage 



2.4 





lo 

Bus Leakage Current 
(High Impedance) 

Vcc “ max 

Bus enable » 2.4V 

Vo “ 0.4V 



-200 

mi 

Vo - 2.4V 



50 

Vo “ 4.5V 



100 

lOFF 

Bus Leakage Current 
(Power OFF) 

Vo “ 4.5V 

Vcc “ ov 



100 


V|H 

Receiver Input HIGH Threshold 

Bus enable « 2.4V 

2.0 




V|L 

Receiver Input LOW Threshold 

Bus enable » 2.4V 

COM'L 



0.8 


MIL 



0.7 

isc 

Bus Output Short Circuit 
Current 

Vcc » max 

Vo“0V 

-50 

-120 


IIB3i 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

mrnmmm 

MiLiTARY 

Units 

liilli^Q^^ili 

Am2917A 







tPHL 

Driver Clock (DROP) to Bus 

Cl(BUS) = 50pF 

Rl (BUS) = 130 n 


21 



21 


ns 

tpLH 


21 



21 


tZH. tZL 

Bus Enable (BE) to Bus 


13 



13 

EB 

ns 

tHZ. tLZ 


13 

mm 


13 

El 


A Data Inputs 

CL=15pF 

Rl = 2.0 kH 

mm 



mm 




th 




ESI 



tpw 

Clock Pulse Width (HIGH) 

17 







tPLH 

Bus to Receiver Output 
(Latch Enabled) 


18 

1^9 


18 



tpHL 


18 

■■ 


18 

30 

tPLH 

Latch Enable to Receiver Output 


21 

lEQI 


21 



tPHL 


21 

mm 


21 


ts 

Bus to Latch Enable (RLE) 

mm 



mm 




th 

mm 






tpLH 

A Data to Odd Parity Out 
(Driver Enabled) 


32 

mm 


32 

SB 

ns 

' tpHL 


26 

gjcyg 


26 

SB 

tpLH 

Bus to Odd Party Out 
(Driver Inhibit) 


21 

gcgn 


21 

BcM 


tpHL 


21 

1^31 


21 


tpLH 

Latch Enable (RLE) to Odd 

Parity Output 


21 



21 



tpHL 


21 



21 

IQIII 

tZH. tZL 

Output Control to Output 


14 



14 

MM 

m 

tHZ. tLZ 

Cl = 5pF, RL = 2.0kn 


14 



14 

MM 


Notes: 1. Typical limits are at Vcc“5.0V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING TEST CIRCUIT 



SWITCHING WAVEFORMS 


*Cl= 15pF for tpLH, tpHL. tzL, tzH 
Cl = 5pF for tHZ. tLZ 



-- ** " *h 




—A 



Note: Bus to Receiver output delay is measured by clocking data Into the driver register and measuring the 
BUS to R combinatorial delay. 
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Am2918 

Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Four three-state outputs 

• Four D-type flip-flops • 75 MHz clock frequency 

• Four standard totem-pole outputs 


GENERAL DESCRIPTION 


New Schottky circuits such as the Am2918 register provide 
the design engineer with additional flexibility in system 
configuration - especially with regard to bus structure, 
organization and speed. The Am2918 is a quadruple D-type 
register with four standard totem-pole outputs and four 
three-state bus-type outputs. The 16-pln device also fea¬ 
tures a buffered common clock (CP) and a buffered 
common output control (OT) for the Y outputs. Information 
meeting the set-up and hold requirements on the D inputs is 
transferred to the Q outputs on the LOW-to-HIGH transition 
of the clock. 

The same data as on the Q outputs is enabled at the three- 
state Y outputs when the "output control" (DE) input is 


LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am2918 register can be used in bipolar microproces¬ 
sor designs as an address register, status register, Instruc¬ 
tion register or for various data or microword register 
applications. Because of the unique design of the three- 
state output, the device features very short propagation 
delay from the clock to the Q or Y outputs. Thus, system 
performance and architectural design can be Improved by 
using the Am2918 register. Other applications of Am2918 
register can be found In microprogrammed display systems, 
communication systems and most general or special pur¬ 
pose digital signal processing equipment. 


BLOCK DIAGRAM 



STANDARD 

OUTPUTS 


THREE-STATE 

OUTPUTS 


BD002150 


RELATED PRODUCTS 


Part No. 

Description 

Am29LS18 

Low Power Version 

Am2919 

Quad Register 


03624B 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2918 


Valid Combinations 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55®C to +125®C) 

Package 

D-16-pln CERDIP 
F-16-pin flatpak 
L-20-pin leadless chip carrier 
P- 16-pin plastic DIP 
X- Dice 


PC 

DC, DCB, DM. 

DMB 

FM, FMB 

LC. LCB, LM, 

LMB 

XC, XM 


Device type 
Quad D Register 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 




B9I 

Description 


Di 

I 

The four data inputs to the register. 


Qi 

0 

The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 


Yi 

0 

The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the "output control" input forces the Yj outputs to the high-impedance state. 

9 

CP 


CP Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

7 



QE Output Control. When the Input is HIGH, the Yj outputs are in the high-impedance state. When the OE Input is 
LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS 


NOTES 

OE 

CLOCK 

CP 

D 

m 

■ 


■||||nH| 

n 

NC 

Z 




mm 

NC 

Z 

- 



■■ 

L 

z 

- 



H 

H 

z 

- 




L 

L 

- 

■■ 



H 

H 

- 




L 

L 

1 

Hi 


Bi 

H 

H 

1 


L = LOW NC = No change 

H =HIGH T = LOW to HIGH transition 

X = Don’t care 2 = High impedance 


Note; 1. When OE is LOW, the Y output will be in 
the same logic state as the Q output. 
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APPLICATIONS 




AF001660 

The Am2918 as a 4-Bit status register The Am2918 used as data-in, data-out and address 

registers. 


BUS A 



CLOCK 


Mq 

M2 

M3 

OUTPUT 

CONTROL 



BUSB 


AF001580 

The Am2918 can be connected for bi-directional interface between two buses. The device on the left stores 
data from the A-bus and drives the A-bus. The device on the right stores data from the B-bus and drives 
the A-bus. The output control is used to place either or both drivers in the high-impedance state. The 
contents of each register are available for continuous usage at the N and M ports of the device. 


CLOCK - 
BUS _ 


Xq X, X2 X3 

A A f 


A A A f 


SERIAL 
- DATA 
OUT 


Oq Qq 0, Q, 02 Q2 O3 Q3 



Dq ^ ^1 ^3 ^3 

CP 



CP 

Am2918 



Am2918 

OE 




OE 

Yo Y, Yj V3 




Yo Y, Y2 Y3 


Wo Wi Wj W3 


W4 W5 Wg W7 


AF001650 

8 -Bit serial to parallel converter with three-state output (W) and direct access to the register word (X). 


5-157 


03624B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2918 




Am2918 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature. .-65°C to +150®C 

(Ambient) Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc rnax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.....30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not impiied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. .0®C to +70®C 

Supply Voltage.............+4.75V to +5.25V 

Military (M) Devices 

Temperature ...- 55®C to +125°C 

Supply Voltage. ..+4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vec = min, 

V|N = V|H or V|L 

Q loH = -1 mA 

MIL 

2.5 

3.4 


Volts 

COM’L 

2.7 

3.4 


Y 

XM, Iqh = -2mA 

2.4 

3.4 


XC,loH = -6.5mA 

2.4 

3.4 


VoL 

Output LOW Voltage (Note 6) 

Vcc = min, loL = 20mA 

ViN = V|HOrV|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all 
inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all 
inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = MIN, l|N=-18mA 



-1.2 

Volts 

l|L 

(Note 3) 

Input LOW Current 

Vec = max, V|n * 0.5V 



-2.0 

mA 

l|H 

(Note 3) 

Input HIGH Current 

Vec = max, V|n » 2.7V 



50 

mA 

l| 

Input HIGH Current 

Vec = max, V|n * 5.5V 



1.0 

mA 

lo 

Y Output Off-State 

Leakage Current 

Vcc = max 


Vo » 2.4V 



50 

HA 


Vo = 0.4V 



-50 

isc 

Output Short Circuit Current 
(Note 4) 

Vcc = max 

-40 


-100 

mA 

Icc 

Power Supply Current 

Vcc = max (Note 5) 


80 

130 

mA 


Notes: 1. Typical limits are at Vcc='5.0V, Ta = 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with all inputs at 4.5V and all outputs open. 

6 . Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 
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SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V. Rl = 2800 ) 

Parameters Description Test Conditions Min Typ Max Units 
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Am29LS18 


Am29LSl8 

Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


Low-power Schottky version of the popular Am2918 
Four standard totem-pole outputs 


Four three-state outputs 
Four D-type flip-flops 


GENERAL DESCRIPTION 


The Am29LS18 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three- 
state Y outputs when the "output control" (UE) input is 
LOW. When the input is HIGH, the Y outputs are In the 
high-impedance state. 

The Am29LS18 Is a 4-blt, high-speed register Intended for 
use in real-time signal processing systems where the 


standard outputs are used in a recursive algorithm and the 
three-state outputs provide access to a data bus to dump 
the results after a number of iterations. 

The device can also be used as an address register or 
status register in computers or computer peripherals. 

Likewise, the Am29LS18 Is also useful In certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional Interrogation of the data as 
displayed. 



RELATED PRODUCTS 


Part No. 

Description 

Am25S18 

Quad D Register 

Am25LS2518 

Quad D Register 

Am25LS2519 

Quad Register 
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CONNECTION DIAGRAM 
Top View 


^cc °3 '*'3 ^2 '^2 CP 

■nnnnnnnn 

16 15 14 13 12 11 10 9 


•^0 '^0 ^1 ''l OE GNO 

CD004270 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


7 -OlOE 

Qfl Q, Q2 Q3 Yq Y, Y 2 Y3 


2 5 11 14 3 6 10 13 

LS000900 






DIE SIZE 0.083" x 0.099" 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29LS18 


'—Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70°C) 

M - Military (-55X to +125^0) 

Package 

D-16-pin CERDIP 
F -16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 
Quad D Register 


Valid Combinations 

Am29LS18 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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Am29LS18 


PIN DESCRIPTION 




I/O 

Description 


Di 

I 

The four data inputs to the register. 


Qi 

0 

The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 


Vi 

0 

The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the "output control" input forces the Yj outputs to the high-impedance state. 

9 

CP 


CP Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

7 

SE 


QE Output Control. When the Oe input is HIGH, the Yj outputs are in the high-impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj outputs. 


FUNCTION TABLE 


INPUTS 

OUTPUTS 

NOTES 

Of 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

- 

H 

T 

L 

L 

z 

- 

H 

T 

H 

H 

z 

- 

L 

t 

L 

L 

L 

- 

L 

' t 

H 

H 

H 

- 

L 

- 

- 

L 

L 

1 

L 


- 

H 

H 

1 


L = LOW NC = No change 

H =HIGH T =LOW to HIGH transition 

X = Don't care Z = High Impedance 


Note: 1. When OE is LOW, the Y output will be In 
the same logic state as the Q output. 
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Am29LS18 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature..-65®C to +150®G 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc nriax 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 






2.5 

3.4 







2.7 

3.4 



Vqh 

Output HIGH Voltage 

■ 

IISDBIBI 


2.4 

3.4 


Volts 




M 

Ilg^A'iWWIE 


2.4 

3.4 







•OL == 4.0mA 



0.4 


VoL 

Output LOW Voltage 

Vec = min 

V|N = V|H or V|L 


Iql “ 8.0mA 







Iql = 12mA 



0.5 

HI 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



nmm 

V|L 

Input LOW Level 

Guaranteed inout looical LOW 

MIL 



0.7 


voltage for all inputs 


COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, Iin = - 

18mA 




-1.5 

heshi 

l|L 

Input LOW Current 

Vec “ max, V|n = 

0.4V 





-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = MAX, V|N = 

2.7V 





20 

mA 

l| 

Input HIGH Current 

Vcc =* max, V|n » 

7.0V 





0.1 

mA 

>0 

Off-State (High-Impedance) 
Output Current 

Vcc “ max 

n 

Vo * 0.4V 



-20 

txA 

1 

Vo = 2.4V ^ 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 

-15 


-85 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max 


17 

28 

mA 


Notes: 1. Typical limits are at Vcc “ 5.0V, 25'’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is measured with all inputs at 4.5V and all outputs open. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. .. .. O^C to + 70®C 

Supply Voltage.;. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature. ...-55°C to +125®C 

Supply Voltage..;......+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000420 

Note; Actual current flow direction shown. 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Qj 



18 

27 

ns 

tPHL 



18 

27 

tpLH 

Clock to Yi (SlE LOW) 



18 

27 

ns 

tPHL 



18 

27 

tpw 

Clock Pulse Width 

LOW 

Cl* 15pF 

18 



ns 

HIGH 

Rl * 2.0 kfl 

15 



ts 

Data 


15 



ns 

th 

Data 


5.0 



ns 

tZH 

OE to Yj 



7.0 

11 

ns 

tZL 



8 

12 

tHZ 

01 to Yi 

Cl = 5.0 pF 


14 

21 

ns 

tLZ 

Rl = 2.0 k^2 


12 

18 

fmax 

Maximum Clock Frequency (Note 1) 


35 

50 


MHz 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tf, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 

Description 

Test Conditions 

COMMERCIAL 

Kl&Qi&ii 

H 

Am29LS18 


Min 

Max 



tPLH 

Clock to Qj 

Cl = 50 pF 

Rl*2.0 ka 


38 


45 

ns 

tPHL 


38 


45 

tPLH 

Clock to Yi (01 LOW) 


K9i 



ns 

tPHL 


IIQIII 


40 

tpw 

Clock Pulse Width 

LOW 



20 


ns 

HIGH 

20 


20 


ts 

Data 

15 


■ai 


ns 

th 

Data 

IQJIIII 


msm 


moQiiiii 

tZH 

01 to Yi 


15 


17 

mn 

tZL 


16 


17 

tHZ 

01 to Yi 

Cl = 50 pF 

Rl = 2.0 wn 


27 



mn 

tLZ 


24 



fmax 

Maximum Clock Frequency (Note 1) 


II^H 


— 


BUSH 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am2910A 


Am2910A 

Microprogram Controller 


DISTINCTIVE CHARACTERISTICS 


Twelve Bits Wide 

Addresses up to 4096 words of microcode with one 
chip. All internal elements are a full 12 bits wide. 

Internal Loop Counter 

Pre-settable 12-bit down-counter for repeating instruc¬ 
tions and counting loop Iterations. 

Four Address Sources 

Microprogram Address may be selected from micropro¬ 
gram counter, branch address bus, 9-level push/pop 
stack, or internal holding register. 


Sixteen Powerful Microinstructions 

Executes 16 sequence control instructions, most of 
which are conditional on external condition input, state 
of internal loop counter, or both. 

Output Enable Controls for Three Branch Ad¬ 
dress Sources 

Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

Fast 

The Am2910A supports 100ns cycle times and Is 25 - 
30% faster than the Am2910. 


GENERAL DESCRIPTION 


The Am2910A Microprogram controller is an address 
sequencer intended for controlling the sequence of execu¬ 
tion of microinstructions stored in microprogram memory. 
Besides the capability of sequential access, it provides 
conditional branching to any microinstruction within Its 
4096-microword range. A last-in, first-out stack provides 
microsubroutine return linkage and looping capability; there 
are nine levels of nesting of microsubroutines. Microinstruc¬ 
tion loop count control Is provided with a count capacity of 
4096. 

During each microinstruction, the microprogram controller 
provides a 12-bit address from one of four sources: 1) the 


microprogram address register (juPC), which usually con¬ 
tains an address one greater than the previous address; 2) 
an external (direct) Input (D); 3) a register/counter (R) 
retaining data loaded during a previous microinstruction; or 
4) a nine-deep last-in, first-out stack (F). 

The Am2910A is a speed improved plug-in replacement of 
the Am2910 featuring AMD's ion-implanted micro-oxide 
(IMOX) processing and offering 25 - 30% speed Improve¬ 
ment. The Am2910A also features a nine-word deep stack 
versus the five-deep stack of the Am2910. 


BLOCK DIAGRAM 



BDR02320 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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D- 40 ,P -40 


CONNECTION DIAGRAM 
Top View 

F- 42-1 


Chip-Pak™ 

L- 44-1 


^4C 

1 • 


40 

Z]03 

O4CZ: 

2 


39 

=]V3 

V5CI: 

3 


38 

ZJO2 

06 d 

4 


37 

=IY2 

vecTC 

6 


36 

no. 

PLC 

6 


36 

DV, 

MAPC 

7 


34 

noo 

'3C 

8 


33 

Z)Vo 

'2C 

9 


32 

nci 

vccc 

10 

Am2910A 

31 

DCP 

'iC 

11 

30 

riGNO 

•oC 

12 


29 

Doe 

CCENCZ 

13 


28 

D Yn 

CCC 

14 


27 

DO11 

RLOC 

16 


26 

D Yio 

FUUCI 

16 


25 

DDio 

06 CZ 

17 


24 

DY9 

'^ec: 

18 


23 

DOg 

07C 

19 


22 

D Yg 

V7c: 

20 


21 

IDOg 


MAP C 

hC 
hC 
VccC 
•t C 
_JoC 
ccenC 

BLO C 
PULL C 

06 C 
V6C 
O 7 C 
VtC 
08 C 

v«c 

09 C 

V 9 C 

0,oC 


b? 


22 


3HC 

DV,o 



CD004670 


CD004680 

Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


GND 
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Die Size 0.170" x 0.194" 

ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am 2910 A 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 


DC,DCB,DMB 

B - Burn-in 

Am2910A 

FMB 

— Temperature (See Operating Range) 


LC,LMB 

C -Commercial (0®C to +70®C) 


XCjXM 


M - Military (-55X to +125°C) 

•— Package 

D-40-pin CERDIP (D-40-1) 

F-42-pin flatpak (F-42-1) 

L-44-pin leadless chip carrier (L-44-1) 
P-40-pin plastic DIP (P-40-1) 

X- Dice 


Device type 

Microprogram Controller 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 



ISl 

Description 


Di 

I 

Direct input to register/counter and multiplexer. Dq is LSB. 


Ij 

I 

Selects one-of-sixteen instructions for the Am2910A. 

14 

CD 

I 

Used as test criterion. Pass test is 

a LOW on Cc. | 

13 

CCEFJ 

1 

Whenever the signal is HIGH, CD is ignored and the part operates as though CD were true (LOW). 

32 

Cl 

1 

Low order carry Input to Incrementer for microprogram counter. 

15 

Rld 

1 

When LOW forces loading of register/counter regardless of instruction or condition. 

29 

5E 

1 

Three-state control of Y| outputs. 

31 

CP 

1 

Triggers all internal state changes at LOW-to-HIGH edge. 


Yi 

0 

Address to microprogram memory. Yq is LSB, Yu is MSB. 

16 

fOEl 

o 

Indicates that nine items are on the stack. 

6 

PL 

0 

Can select #1 source (usually Pipeline Register) as direct input source. 

7 

^^AP 

0 

Can select #2 source (usually Mapping PROM or PLA) as direct Input source. 

5 


0 

Can select #3 source (for example, interrupt Starting Address) as direct input source. 

*DIP only. 





PRODUCT OVERVIEW 

The Am291 OA is a bipolar microprogram controller intended 
for use In high-speed microprocessor applications. It allows 
addressing of up to 4K words of microprogram. 

The controller contains a four-input multiplexer that Is used to 
select either the register/counter, direct Input, microprogram 
counter, or stack as the source of the next microinstruction 
address. 

The register/counter consists of 12 D-type, edge-triggered 
flip-flops, with a common clock enable. When its load control, 
red, is LOW, new data is loaded on a positive clock transition. 

A few instructions Include load; in most systems, these 
instructions will be sufficient, simplifying the microcode. The 
output of the register/counter is available to the multiplexer as 
a source for the next microinstruction address. The direct input 
furnishes a source of data for loading the register/counter. 

The Am2910A contains a microprogram counter (/xPC) that is 
composed of a 12-bit Incrementer followed by a 12-bit register. 
The pPC can be used in either of two ways: When the carry-in 
to the incrementer is HIGH, the microprogram register is 
loaded on the next clock cycle with the current Y output word 
plus one (Y +1-* ijPC). Sequential microinstructions are thus 
executed. When the carry-in is LOW, the Incrementer passes 
the Y output word unmodified so that ijPC Is reloaded with the 
same Y word on the next clock cycle (Y /xPC). The same 
microinstruction is thus executed any number of times. 

The third source for the multiplexer is the direct (D) input. This 
source is used for branching. 

The fourth source available at the multiplexer input is a 9-word 
by 12-blt stack (file). The stack is used to provide return 
address linkage when executing microsubroutines or loops. 
The stack contains a built-in stack pointer (SP) which always 
points to the last file word written. This allows stack refererlce 
operations (looping) to be performed without a pop. 

The stack pointer operates as an up/down counter. During 
microinstructions 1,4, and 5, the PUSH operation may occur. 

This causes the stack pointer to increment and the file to be 
written with the required return linkage. On the cycle following 
the PUSH, the return data is at the new location pointed to by 
the stack pointer. 

During five microinstructions, a POP operation may occur. The 
stack pointer decrements at the next rising clock edge 
following a POP, effectively removing old information from the 
top of the stack. 

The stack pointer linkage is such that any sequence of 
pushes, pops, or stack references can be achieved. At RESET 
(Instruction 0), the depth of nesting becomes zero. For each 
PUSH, the nesting depth increases by one; for each POP, the 
depth decreases by one. The depth can grow to nine. After a 
depth of nine is reached, FULL goes LOW. Any further 
PUSHes onto a full stack overwrite information at the top of 
the stack, but leave the stack pointer unchanged. This 
operation will usually destroy useful Information and is normal¬ 
ly avoided. A POP from an empty stack may place non¬ 
meaningful data on the Y outputs, but is otherwise safe. The 
stack pointer remains at zero whenever a POP Is attempted 
from a stack already empty. 

The register/counter Is operated during three microinstruc¬ 
tions (8,9,15) as a 12-bit down counter, with result = zero 
available as a microinstruction branch test criterion. This 
provides efficient Iteration of microinstructions. The register/ 
counter is arranged such that if it Is preloaded with a number N 
and then used as a loop termination counter, the sequence will 
be executed exactly N +1 time^. During instruction 15, a 
three-way branch under combined control of the loop counter 
and the condition code Is available. 

The device provides three-state Y outputs. These can be 
particularly useful in designs requiring automatic checkout of 
the processor. The microprogram controller outputs can be 
forced into the high-impedance state, and pre-programmed 
sequences of microinstructions can be executed via external 
access to the address lines. 
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BLOCK DIAGRAM 



BDR02320 


OPERATION 

The Table of Instructions shows the result of each instruction 
in controlling the multiplexer which determines the Y ou tputs, 
and in controlling the three enable signals PL, MAP, and 
VECT. The effect on the register/counter and the stack after 
the next positive-going clock edge Is also shown. The multi¬ 
plexer determines which Internal source drives the Y outputs. 
The value loaded Into tjPC is either identical to the Y output, or 
else one greater, as determined by Cl. F or eac h in structio n, 
one and only one of the three outputs PL, MaP, and VECt is 
LOW. If these outputs control three-state enables for the 
primary source of microprogram jumps (usually part of a 
pipeline register), a PROM which maps the instruction to a 
microinstruction starting location, and an optional third source 
(often a vector from a DMA or interrupt source), respectively, 
the three-state sources can drive the D inputs without further 
logic. 

Several inputs (see Functional Pin Description), can modify 
instruction execution. The combination CC HIGH and CCEN 


LOW Is used as a test In 9 of the 16 instructions. RLD, when 
LOW, causes the D input to be loaded Into the register/ 
counter, overriding any HOLD or DEC operation specified In 
the instruction. OT, normally LOW, may be forced HIGH to 
remove the Am2910A Y outputs from a three-state bus. 

The stack, a nine-word last-ln, first-out 12-bit memory, has a 
pointer which addresses the value presently on the top of the 
stack. Explicit control of the stack pointer occurs during 
Instruction 0 (RESET), which makes the stack empty by 
resetting the SP to zero. After a RESET, and whenever else 
the stack is empty, the contents of the top of stack are 
undefined until a PUSH occurs. Any POPs performed while the 
stack is empty put undefined data on the F outputs and leave 
the stack pointer at zero. 

Any time the stack is full (nine more PUSHes th an PO Ps have 
occurred since the stack was last empty), the FULL warning 
output occurs. This signal first appears on the microcycle after 
a ninth PUSH. No additional PUSH should be attempted onto 
a full stack; if tried, information within the stack will be 
overwritten and lost. 
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MNEMONIC 

NAME 

REG/ 

CNTR 

CON¬ 

TENTS 

FAIL 

CCEN = L and CC = H 

PASS 

CCEN = HorCC = L 

REG/ 

CNTR 

ENABLE 

Y 

STACK 

Y 

STACK 

0 

JZ 

JUMP ZERO 

X 

0 

CLEAR 

0 

CLEAR 


PL 

1 

CJS 

COND JSB PL 

X 

PC 

HOLD' 

D 

PUSH 


PL 

2 


JUMP MAP 

X 

D 

HOLD 

D 

HOLD 



3 


GOND JUMP PL 

X 

PC 

HOLD 

D 

HOLD 

isrJI'iik 

PL 

4 


PUSH/COND LD CNTR 

X 

PC 

PUSH 

PC 

PUSH 


PL 

5 

JSRP 


X 

R 

PUSH 

D 

PUSH 


PL 

6 

CJV 

COND JUMP VECTOR 

X 

PC 

HOLD 

D 

HOLD 



7 

JRP 


X 

R 

HOLD 

D 

HOLD 


PL 

8 

RFCT > 

REPEAT LOOP. 

CNTR^O 

=A0 

F 

HOLD 

F 

HOLD 

■agai 

PL 


PC 

POP 

PC 

POP 

inani 

PL 

9 

RPCT 

REPEAT PL, CNTR=A0 

=A0 

D 

HOLD 

D 

HOLD 

ESS 

PL 

= 0 

PC 

HOLD 

PC 

HOLD 

■TOia 

PL 

10 

CRTN 

COND RTN 

X 

PC 

HOLD 

F 

POP 

I2Q23 

PL 

11 

CJPP 

COND JUMP PL & POP 

X 

PC 

HOLD 

D 

POP 

ESQ 

PL 

12 

LDCT 


X 

PC 

HOLD 

PC 

HOLD 

122^21 

PL 

13 

LOOP 

TEST END LOOP 

X 

F 

HOLD 

PC 

POP 

UjgQ 

PL 

14 

CONT 

CONTINUE 

X 

PC 

HOLD 

PC 

HOLD 

IJQJJI 

PL 


TWB 

THREE-WAY BRANCH 

#0 

F 

HOLD 

PC 

POP 


PL 

= 0 

D 

POP 

PC 

POP 


PL 


TABLE OF INSTRUCTIONS 


Note 1: If = L and » H, hold; else load. 

THE Am2910A INSTRUCTION SET 

The Am2910A provides 16 instructions which select the 
address of the next microinstruction to be executed. Four of 
the instructions are unconditional - their effect depends only 
on the Instruction. Ten of the instructions have an effect which 
Is partially controlled by external, data-dependent condition. 
Three of the Instructions have an effect which Is partially 
controlled by the contents of the Internal register/counter. In 
this discussion it is assumed the C\ is tied HIGH. 

In the ten conditional instructions, the result of the data- 
dependent test is applied to CG. If the CC input is LOW, the 
test is considered to have been passed, and the action 
specified in the name occurs; otherwise, the test has failed 
and an alternate (often simply the execution of the next 
sequential microinstruction) occurs. Testing of CC m ay be 
disabled for a specific microinstruction by setting CCEN HIGH, 
which unconditionally forces the action spec ified in the name; 
that is, it forces a pass. Other ways of using CCEN include (1) 
tying it HIGH, which is useful if no microinstruction is data- 
ddpendent; (2) tying it LOW If data-dependent instructions are 
never forced unconditionally; or (3) tying to the source of 
Am2910A instruction bit Iq, which leaves instructions 4, 6 and 
10 as data-dependent but makes others unconditional. All of 
these tricks save one bit of microcode width. 

The effect of three instructions depends on the contents of the 
register/counter. Unless the counter holds a value of zero, it is 
decremented; if it does hold zero, it is held dnd a different 
microprogram next address is selected. These instructions are 
useful for executing a microinstruction loop a known number 
of times. Instruction 15 is affected both by the external 
condition code and the internal register/counter. 

Perhaps the best technique for understanding the Am2910A is 
to simply take each instruction and review its operation. In 
order to provide some feel for the actual execution of these 
Instructions, examples of all 16 instructions are included. 


hl=HIGH L=LOW X = Don't Care 

The examples given should be interpreted in the following 
manner: The intent is to show microprogram flow as various 
microprogram memory words are executed. For example, the 
CONTINUE instruction, instruction number 14, simply means 
that the contents of microprogram memory word 50 are 
executed, then the contents of word 51 are executed. This is 
followed by the contents of microprogram memory word 52 
and the contents of microprogram memory word 53. The 
microprogram addresses used in the examples were arbitrarily 
chosen and have no meaning other than to show instruction 
flow. The exception to this is the first example, JUMP ZERO, 
which forces the microprogram location counter to address 
ZERO. Each dot refers to the time that the contents of the 
microprogram memory word is in the pipeline register. While 
no special symbology is used for the conditional instructions, 
the text to follow will explain what the conditional choices are 
In each example. 

It might be appropriate at this time to mention that AMD has a 
microprogram assembler called AMDASM, which has the 
capability of using the Am2910A instructions in symbolic 
representation. AMDASM's Am2910A instruction symbolics 
(or mnemonics) are given in the examples, and again in the 
Table of Instructions. 

0 JUMP ZERO (JZ) 



PFR00830 

Instructlbn 0, JZ (JUMP to ZERO, or RESET) unconditionally 
specifies that the address of the next microinstruction is zero. 
Many designs use this feature for power-up sequences and 
provide the power-up firmware beginning at microprogram 
memory word location 0. 
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1 COND JSB PL (CJS) 


3 COND JUMP PL (CJP) 



Instruction 1 is a CONDITIONAL JUMP-TO-SUBROUTINE via 
the address provided in the pipeline register. As shown in 
Figure 4, the machine might have executed words at address 
50, 51, and 52. When the contents of address 52 is in the 
pipeline register, the next address control function is the 
CONDITIONAL JUMP-TO-SUBROUTINE. Here, if the test is 
passed, the next instruction executed will be the contents of 
microprogram memory location 90. If the test has failed, the 
JUMP-TO-SUBROUTINE will not be executed; the contents of 
microprogram memory location 53 will be executed instead. 
Thus, the CONDITIONAL JUMP-TO-SUBROUTINE instruction 
at location 52 will cause the instruction either in location 90 or 
in location 53 to be executed next. If the TEST input is such 
that location 90 is selected, value 53 will be pushed onto the 
Internal stack. This provides the return linkage for the machine 
when the subroutine beginning at location 90 is completed. In 
this example, the subroutine was completed at location 93 and 
a RETURN-FROM-SUBROUTINE would be found at location 
93. 

2 JUMP MAP (JMAP) 



Instruction 2 is the JUMP MAP inst ructio n. This is an uncondi¬ 
tional instruction which causes the MAP output to be enabled 
so that the next microinstruction location is determined by the 
address supplied via the mapping PROMs. Normally, the 
JUMP MAP instruction is used at the end of the instruction 
fetch sequence for the machine. In the example of Figure 4, 
microinstructions at locations 50, 51, 52 and 53 might have 
been the fetch sequence and at its completion at location 53, 
the jump map function would be contained in the pipeline 
register. This example shows the mapping PROM outputs to 
be 90; therefore, an unconditional jump to microprogram 
memory address 90 Is performed. 



Instruction 3, CONDITIONAL JUMP PIPELINE, derives its 
branch address from the pipeline register branch address 
value (BRo - BRn). This instruction provides a technique for 
branching to various microprogram sequences depending 
upon the test condition inputs. Quite often, state machines are 
designed which simply execute tests on various inputs waiting 
for the condition to come true. When the true condition is 
reached, the machine then branches and executes a set of 
microinstructions to perform some function. This usually has 
the effect of resetting the Input being tested until some point in 
the future. The example shows the conditional jump via the 
pipeline register address at location 52. When the contents of 
microprogram memory word 52 are in the pipeline register, the 
next address will be either location 53 or location 30 in this 
example. If the test is passed, the value currently In the 
pipeline register (30) will be selected. If the test fails, the next 
address selected will be contained in the microprogram 
counter which, in this example, is 53. 


4 PUSH/COND LD CNTR (PUSH) 



Instruction 4 is the PUSH/CONDITIONAL LOAD COUNTER 
Instruction and is used primarily for setting up loops in 
microprogram firmware. In this example, when instruction 52 is 
In the pipeline register, a PUSH will be made onto the stack 
and the counter will be loaded based on the condition. When a 
PUSH occurs, the value pushed is always the next sequential 
instruction address. In this case, the address Is 53. If the test 
fails, the counter is not loaded; if It Is passed, the counter is 
loaded with the value contained in the pipeline register branch 
address field. Thus, a single microinstruction can be used to 
set up a loop to be executed a specific number of times. 
Instruction 8 will describe how to use the pushed value and the 
register/counter for looping. 
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5 COND JSB R/PL (JSRP) 



Instruction 5 is a CONDITIONAL JUMP-TO-SUBROUTINE via 
the register/counter of the contents of the PIPELINE register. 
A PUSH is always performed and one of two subroutines 
executed. In this example, either the subroutine beginning at 
address 80 or the subroutine beginning at address 90 will be 
performed. A RETURN-FROM-SUBROUTINE (instruction 
number 10) returns the microprogram flow to address 55. In 
order for this microinstruction control sequence to operate 
correctly, both the next address fields of instruction 53 and the 
next address fields of instruction 54 would have to contain the 
proper value. Let's assume that the branch address fields of 
Instruction 53 contain the value 90 so that it will be in the 
Am2910A register/counter when the contents of address 54 
are in the pipeline register. This requires that the instruction at 
address 53 load the register/counter. Now, during the execu¬ 
tion of instruction 5 (at address 54), If the test failed, the 
contents of the register (value = 90) will select the address of 
the next microinstruction. If the test input passes, the pipeline 
register contents (value = 80) will determine the address of 
the next microinstruction. Therefore, this instruction provides 
the ability to select one of two subroutines to be executed 
based on a test condition. 

6 COND JUMP VECTOR (CJV) 



Instruction 6 is a CONDITIONAL JUMP VECTOR instruction 
which provides the capability to take the branch address from 
a third source heretofore not discussed. I n orde r for this 
instruction to be useful, the Am2910A output VECT is used to 
control a three-state control input of a register, buffer, or 
PROM containing the next microprogram address. This in¬ 
struction provides one technique for performing interrupt type 
branching at the microprogram level. Since this Instruction is 
conditional, a pass causes the next address to be taken from 
the vector source, while failure causes the next address to be 
taken from the microprogram counter. In the example, If the 
CONDITIONAL JUMP VECTOR Instruction Is contained at 
location 52, execution will continue at vector address 20 if the 


CC input is LOW and the microinstruction at address 53 will be 
executed If the CS Input is HIGH. 

7 COND JUMP R/PL (JRP) 



Instruction 7 is a CONDITIONAL JUMP via the contents of the 
Am2910A REGISTER/COUNTER or the contents of the 
PIPELINE register. This instruction Is very similar to instruction 
5; the CONDITIONAL JUMP-TO-SUBROUTINE via R or PL 
The major difference between instruction 5 and instruction 7 Is 
that no push onto the stack is performed with 7. The example 
depicts this instruction as a branch to one of two locations 
depending on the test condition. The example assumes the 
pipeline register contains the value 70 when the contents of 
address 52 is being executed. As the contents of address 53 is 
clocked Into the pipeline register, the value 70 Is loaded into 
the register/counter in the Am2910A. The value 80 is available 
when the contents of address 53 is in the pipeline register. 
Thus, control is transferred to either address 70 or address 80 
depending on the test condition. 

8 REPEAT LOOP, CNTR^O (RFCT) 



STACK 

(PUSH) 


REGISTER/ 

COUNTER 


PFR00910 

Instruction 8 is the REPEAT LOOP, COUNTER#ZERO 
instruction. This microinstruction makes usp of the decrement¬ 
ing capability of the register/counter. To be useful, some 
previous instruction, such as 4, must have loaded a count 
value into the register/counter. This Instruction checks to see 
whether the register/counter contains a non-zero value. If so, 
the register/counter is decremented, and the address of the 
next microinstruction is taken from the top of the stack. If the 
register/couhter contains zero, the loop exit condition is 
occurring; control falls through to the next sequential microin¬ 
struction by selecting juPC; the stack is POP'd by decrement¬ 
ing the stack pointer, but the contents of the top of the stack 
are thrown away. 

In this example, location 50 most likely would contain a PUSH/ 
CONDITIONAL LOAD COUNTER instruction which would 
have caused address 51 to be PUSHed on the stack and the 
counter to be loaded with the proper value for looping the 
desired number of times. 

In this example, since the loop test is made at the end of the 
instructions to be repeated (microaddress 54), the proper 
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value to be loaded by the instructions at address 50 is one 
less than the desired number of passes through the loop. This 
method allows a loop to be executed 1 to 4096 times. If It is 
desired to execute the loop from 0 to 4095 times, the firmware 
should be written to make the loop exit test immediately after 
loop entry. 

Single-microinstruction loops provide a highly efficient capabil¬ 
ity for executing a specific microinstruction a fixed number of 
times. Examples include fixed rotates, byte swap, fixed point 
multiply, and fixed point divide. 

9 REPEAT PL, CNTR9^=0 (RPCT) 


50 

51 

52 

53 



COUNTER 

(LOCT) 


PFR00890 

Instruction 9 Is the REPEAT PIPELINE REGISTER, COUNT¬ 
ER ¥= ZERO Instruction. This instruction is similar to instruction 
8 except that the branch address now comes from the pipeline 
register rather than the file. In some cases, this instruction may 
be thought of as a one-word file extension; that Is, by using 
this instruction, a loop with the counter can still be performed 
when subroutines are nested nine deep. This Instruction's 
operation Is very similar to that of instruction 8. The differ¬ 
ences are that on this instruction, a failed test condition 
causes the source of the next microinstruction address to be 
the D inputs; and, when the test condition is passed, this 
Instruction does not perform a POP because the stack Is not 
being used. 

In this example, the REPEAT PIPELINE, COUNTER # ZERO 
instruction is instruction 52 and is shown as a single microin¬ 
struction loop. The address in the pipeline register would be 
52. Instruction 51 in this example could be the LOAD 
COUNTER AND CONTINUE Instruction (number 12). While 
the example shows a single microinstruction loop, by simply 
changing the address in a pipeline register, multi-instruction 
loops can be performed in this manner for a fixed number of 
times as determined by the counter. 

10 COND RETURN (CRTN) 



Instruction 10 is the conditional RETURN-FROM-SUBROU- 
TINE Instruction. As the name implies, this instruction is used 
to branch from the subroutine back to the next microinstruc¬ 
tion address following the subroutine call. Since this Instruc¬ 
tion is conditional, the return is performed only if the test is 


passed. If the test is failed, the next sequential microinstruc¬ 
tion is performed. This example depicts the use of the 
conditional RETURN-FROM-SUBROUTINE instruction In both 
the conditional and the unconditional modes. This example 
first shows a JUMP-TO-SUBROUTINE at Instruction location 
52 where control is transferred to location 90. At location 93, a 
conditional RETURN-FROM-SUBROUTINE Instruction is per¬ 
formed. if the test is passed, the stack is accessed and the 
program will transfer to the next instruction at address 53. If 
the test is failed, the next microinstruction at address 94 will be 
executed. The program will continue to address 97 where the 
subroutine is complete. To perform an unconditional RE¬ 
TURN-FROM-SUBROUTINE, the conditional RETURN- 
FROM-SUBROUTINE Instruction is executed unconditionally; 
the m icroinstruction at address 97 is programmed to force 
CCEN HIGH, disabling the test and the forced PASS causes 
an unconditional return. 

11 COND JUMP PL & POP (CJPP) 



Instruction 11 is the CONDITIONAL JUMP PIPELINE register 
address and POP stack instruction. This instruction provides 
another technique for loop termination and stack mainte¬ 
nance. The example shows a loop being performed from 
address 55 back to address 51. The instructions at locations 
52, 53, and 54 are ail conditional JUMP and POP instructions. 
At address 52, if the CC input Is LOW, a branch will be made to 
address 70 and the stack will be properly maintained via a 
POP. Should the test fail, the instruction at location 53 (the 
next sequential instruction) will be executed. Likewise, at 
address 53, either the instruction at 90 or 54 will be subse¬ 
quently executed, respective to the test being passed or failed. 
The instruction at 54 follows the same rules, going to either 80 
or 55. An instruction sequence as described here, using the 
CONDITIONAL JUMP PIPELINE and POP Instruction, Is very 
useful when several Inputs are being tested and the micropro¬ 
gram is looping waiting for any of the inputs being tested to 
occur before proceeding to another sequence of instructions. 
This provides the powerful jump-table programming technique 
at the firmware level. 

12 LD CNTR & CONTINUE (LDCT) 



Instruction 12 is the LOAD COUNTER AND CONTINUE 
instruction, which simply enables the counter to be loaded with 
the value at its parallel inputs. These inputs are normally 
connected to the pipeline branch address field which (in the 
architecture being described here) serves to supply either a 
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branch address or a counter value depending upon the 
microinstruction being executed. Altogether there are three 
ways of loading the counter - the explicit load by this 
instruction 12; the co nditio nal load included as part of instruc- 
tion 4; a nd th e use of RLD input along with any instruction. The 
use of RLD with any instruction overrides any counting or 
decrementation specified in the instruction, calling for a load 
instead. Its use provides additional microinstruction power, at 
the expense of one bit of microinstruction width. This instruc¬ 
tion 12 is ex actly equivalent to the combination of instruction 
14 and RLD LOW. Its purpose Is to provide a simple capability 
to load the register/counter in those impleme ntatio ns which 
do not provide microprogrammed control for RLD. 

13 TEST END LOOP (LOOP) 



STACK 

(PUSH) 


PFR00860 

Instruction 13 is the TEST END-OF-LOOP instruction, which 
provides the capability of conditionally exiting a loop at the 
bottom; that is, this is a conditional instruction that will cause 
the microprogram to loop, via the file, if the test is failed else to 
continue to the next sequential instruction. The example 
shows the TEST END-OF-LOOP microinstruction at address 
56. If the test fails, the microprogram will branch to address 
52. Address 52 is on the stack because a PUSH Instruction 
had been executed at address 51. if the test is passed at 
instruction 56, the loop Is terminated and the next sequential 
microinstruction at address 57 is executed, which also causes 
the stack to be POP'd; thus, accomplishing the required stack 
maintenance. 


14 CONTINUE (CONT) 


50 

O 

51 

o 

52 


53 



PFR00880 

Instruction 14 is the CONTINUE instruction, which simply 
causes the microprogram counter to increment so that the 
next sequential microinstruction is executed. This Is the 
simplest microinstruction of all and should be the default 
Instruction which the firmware requests whenever there Is 
nothing better to do. 


15 THREE-WAY BRANCH (TWB) 



PFR00810 


Instruction 15, THREE-WAY BRANCH, is the most complex. It 
provides for testing of both a data-dependent condition and 
the counter during one microinstruction and provides for 
selecting among one of three microinstruction addresses as 
the next microinstruction to be performed. Like Instruction 8, a 
previous Instruction will have loaded a count into the register/ 
counter while pushing a microbranch address onto the stack. 
Instruction 15 performs a decrement-and-branch-until-zero 
function similar to instruction 8. The next address is taken from 
the top of the stack until the count reaches zero; then the next 
address comes from the pipeline register. The above action 
continues as long as the test condition fails. If at any execution 
of instruction 15 the test condition is passed, no branch is 
taken; the microprogram counter register furnishes the next 
address. When the loop is ended, either by the count 
becoming zero, or by passing the conditional test, the stack is 
POP'd by decrementing the stack pointer, since interest in the 
value contained at the top of the stack is then complete. 

The application of instruction 15 can enhance performance of 
a variety of machine-level instructions. For instance, (1) a 
memory search Instruction to be terminated either by finding a 
desired memory content or by reaching the search limit; (2) 
variable-field-length arithmetic terminated early upon finding 
that the content of the portion of the field still unprocessed is 
all zeroes; (3) key search, in a disc controller processing 
variable length records; (4) normalization of a floating point 
number. 


As one example, consider the case of a memory search 
instruction. As shown, the instruction at microprogram address 
63 can be instruction 4 (PUSH), which will push the value 64 
onto the microprogram stack and load the number N, which is 
one less than the number of memory locations to be searched 
before giving up. Location 64 contains a microinstruction 
which fetches the next operand from the memory area to be 
searched and compares it with the search key. Location 65 
contains a microinstruction which tests the result of the 
comparison and also is a THREE-WAY BRANCH for micropro¬ 
gram control. If no match is found, the test fails and the 
microprogram goes back to location 64 for the next operand 
address. When the count becomes zero, the microprogram 
branches to location 72, which does whatever is necessary if 
no match is found. If a match occurs on any execution of the 
THREE-WAY BRANCH at location 65, control falls through to 
location 66 which handles this case. Whether the instruction 
ends by finding a match or not, the stack will have been POP'd 
once, removing the value 64 from the top of the stack. 
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ARCHITECTURES USING THE Am2910A 

(Shading shows path(s) which usually limit speed) 


One Level Pipeline Based (Recommended) 



Figure 1. 


One level pipeline provides better speed than most other architectures. The /uPi'OQram Memory and the 
Am2901 array are in parallel speed paths instead of in series. This is the recommended architecture for 
Am2900 designs. 
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Am2910A 


Typical CCU Cycle Timing Waveforms 


PIPEUNE Am2910A * 

REGISTER • INSTRUCTION 
OUTPUT INPUTS , 


MUX . Am2910A 

OUTPUT CC INPUT 


Am2910A OUTPUTS 


- 98ns CYCLE TIME - 


■ (CLOCK TO REGISTER OUTPUT) 


- (MUX SELECT TO OUTPUT) 


PROM ACCESS TIME 


MICROPROGRAM ' 
MEMORY 
OUTPUTS . 




4.ns 

REGISTER 

SETUP 

TIME 


This drawing shows the timing relationships In the CCU illustrated above. 
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OTHER ARCHITECTURES USING THE Am2910A 

(Shading shows path(s) which usually limit speed) 

Figure 2. 

a. Instruction Based b. Addressed Based 




A Register at the Microprogram Memory output contains 
the microinstruction being executed. The microprogram 
memory and Am2901C delay are in series. Conditional 
branches are executed on same cycle as the ALU 
operation generating the condition. 


The Register at the Am2910A output contains the address 
of the microinstruction being executed. The Microprogram 
Memory and Am2901C are in series in the critical path. 
This architecture provides about the same speed as the 
Instruction based architecture, but requires fewer register 
bits, since only the address (typically 10-12 bits) is 
stored instead of the instruction (typically 40 - 60 bits). 


c. Data Based 


MAP 



PF001021 


The Status Register provides conditional Branch control 
based on results of previous ALU cycle. The Microprogram 
Memory and Am2901C are in series in the critical paths. 


d. Two Level Pipeline Based 


MAP 



Two level pipeline provides highest possible speed. It is 
more difficult to program because the selection of a 
microinstruction occurs two instructions ahead of its 
execution. 
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Am2910A 


Am2910A HIGH SPEED APPLICATION 

Optimal Am291 OA configurations can support high speed bit 
slice designs. When used with high speed registers and 
PROMs, the Am2910A can execute simple instructions in 
100ns. 

The following figure illustrates the usual critical path in the 
sequencer. 


Timing on the critical paths becomes 


Device 

Path 

Delay 

Status Register 

Fast MUX 

Am2910A 

Fast PROM 

Pipeline Register 

Clock -►Output 

Select ^Output 
CC-Y 

Addr -Output 

Setup 

11ns 

18ns 

30hs 

35ns 

4ns 

99ns 


The following gives one suggested parts configuration to meet 


this design criterion. 


Status Register 

Am29825 

MUX (8 to 1) 

74S151 

PROM 

Am27S35 

Pipeline Register 

Am2918 


One Level Pipeline Based 
(Recommended) 


MAP 



PF000990 


Figure 3. 
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Figure 4. Typical Bipolar Microcomputer Using Am2910A 
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Am2910A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65®C to +160‘’C Commercial (C) Devices 

Case Temperature with Power Applied ..-55X to +125X Temperature. .OX to +70X 

Supply Voltage to Ground Potential Supply Voltage(Vcc) to.+ 4.75V to + 5.25V 

Continuous . .-0.5V to + 7.0V Military (M) Devices 

DC Voltage Applied to Outputs For Temperature. . .-55»C to +125»C 

?"vr. .. n JSupply Voltage(Vcc).+4.5V to +5.5V 

nn ♦ i t n ♦ ♦ /c .V p ^ a Operating ranges define those limits over which the function- 

DC Output Current. Into Outputs (Except Bus) .30mA J is guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 







VOH 



2.4 



ZZ1 

VoL 

Output LOW Voltage 

Vcc * min 

V|N = V|H or V|L 

Yo- 11 . loL“ 12 mA 




■ 

PL, veCT, SMp, Full, iql * smA 

V|H 

Input HIGH Level (Note 4) 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level (Note 4) 

Guaranteed input logical LOW voltage for all inputs 



0.8 


VCLMP 

Input Clamp Voltage 

Vcc “MIN, l|N“~16niA 



-1.5 


l|L 

Input LOW Current 

Vcc “ max, V|n =- 0.5V 

Do -11 



-0.87 

mA 

Cl, C5EN 



-0.54 

I 0 - 3 , Se.rld 



-0.72 

cc 



-1.31 

CP 



-2.14 

l|H 

Input HIGH Current 

Vcc “ max, V|n = 2.7V 

Do-ll 



80 

HA 

C 1 , CCen 



30 

I 0 - 3 , Ce, fTd 



40 

cc 



50 

CP 



100 

Vcc * max, ViN “ 5 . 5 V 




1.0 

•sc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 


-30 


-85 

mA 

lOZL 

Output OFF Current 

Vcc “ max, 5E = 2 . 4 V 

VOUT = 0.5V 



-50 

IxA 

lOZH 

VqUT “ 2.4V 



50 

•cc 

Power Supply Current 

Vcc “ max 

Am2910APC, DC 

Ta“ 0 to +70X 



344 

mA 

Ta= + 70X 



280 

AmZOIOADM, FM 

Tc = -55to +125X 



340 

Tc“+125X 



280 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc * 5.0V, ambient and a maximum loading. 

3. Not more than one output shouid be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 
functionally tested). 

Notes on Testing 4. Use extreme care in defining input levels for AC tests. Many 

inputs may be changed at once, so there will be significant 

1 . Insure the part is adequately decoupled at the test head. device pins and they may not actually reach V|l 

Large changes In supply current when the device switches g,. pgjgg j-j^g settled. AMD recommends using 

may cause function failures due to Vcc changes. Vil< 0 V and V|h> 3 V for AC tests. 

2. Do not leave inputs floating during any tests, as they may _ 

oscillate at high frequency. analysis, programs should be designed to 

perform DC, Function and AC tests as three distinct groups 

3. Do not attempt to perform threshold tests at high speed. of tests. 

Following an input transition, ground current may change by 

as much as 400mA In 5 - 8ns. Inductance in the ground 6. To assist in testing, AMD offers complete documentation on 

cable may allow the ground pin at the device to rise by our test procedures and, in most cases, can provide actual 

hundreds of millivolts momentarily. Sentry programs, under license from Sentry. 
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SWITCHING TEST CIRCUIT 
THREE-STATE OUTPUTS 


NORMAL OUTPUTS 



5.0-Vbe-Vql 
Iol + Vol/ik 


5.0-Vbe-Vql 

•OL + V 0 L/R 2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacities without device in test fixture. 

2 . Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. S-j and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2910A 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R 2 

_ 

Yo -11 

A 

300 

IK 

5 

VECT 

B 

470 

1.5K 

6 

PL 

B 

470 

1.5K 

7 

MAP 

B 

470 

1.5K 

16 

FULL 

B 

470 

1.5K 
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Am2910A SWITCHING CHARACTERISTICS 

The tables below define the Am2910A switching characteristics. Tables A are set up and hold times relative 
to the clock LOW-to-HIGH transition. Tables B are combinational delays. Tables C are clock requirements. 
All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns. All outputs have 
maximum DC loading. 


I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL 
OPERATING RANGE Am2910APC, DC 

(Ta = 0 to + 70^*0, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 


Input 

n 

th 

Dj-^R 

16 

0 

D|-.PC 


0 

I 0 -I 3 


0 

UC 

Bi 

0 



0 

Cl 

18 

0 

Wd 

19 

0 


B. Combinational Delays 


Input 

Di 


Fuii 

D 0 -D 11 

IQJI 

- 

- 

Io43 

lll^l 

30 

- 

CC 

IQ]! 

- 

- 

CCEN 

30 

- 

> 

CP 

40 

- 


OE (Note 1) 

25/27 

- 



C. Clock Requirements 


Minimum Clock LOW Time 


n$ 

Minimum Clock HIGH Time 

■ ■ 

20 

ns 

Minimum Clock Period 

L—-—' . 




II. GUARAPTEI^ CHAlAlTillSTICS OVER MILITARY 
#P^Af|N(@ imNGE Am2910ADM, FM 

rd?;4t25®C, V+ = 4.5 to 5.5V, Cl = 50pF) 

B. Combinational Delays 


Input 

' ts 


Di-r§, 

16 

0 

Dj-^PC 

30 

0 

l0’l3 

38 

0 


35 

0 

CCEN 


0 

Cl 


0 

P?lD 

20 

0 


Input 

■a 



D0-D11 

25 

- 

- 

l 0 -l 3 


35 

- 

UC 


- 

- 

GCen 

36 

- 

- 

CP 

46 

- 

35 

OE (Note 1) 

25/30 

- 

- 


C. Clock Requirements 


Minimum Clock LOW Time 

25 

ns 

Minimum Clock HIGH Time 

25 

ns 

Minimum Clock Period 




Note 1. Enable/Disable. Disable times measured to 0.5V change on output voltage level with Cl = 5.0pF. 
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SWITCHING WAVEFORMS 


U INPUT 

TO _ 

CLOCK OUTPUT 

TO DELAY 

OUTPUT 
DELAY 



RELATED PRODUCTS 


Part No. 

Description 

Am2914 

Vectored Interrupt Controller 

Am2918 

Pipeline Register 

Am2922 

Condition Code MUX 

Am25LS377 

Status Register 

Am27S36 

Registered PROM 

Am29818 

SSR Diagnostics/Pipeline Register 


For applications information, see Chapter II of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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Am2919 

Quad Register with Dual Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Four D-type flip-flops • Buffered common asynchronous clear 

• Two sets of three-state outputs • Separate buffered common output enable for each set 

• Polarity control on one set of outputs of outputs 

• Buffered common clock enable 


GENERAL DESCRIPTION 


The Am2919 consists of four D-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements of the D inputs is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip- 
flops is enabled at the three-state outputs when the output 
control (5E) input Is LOW. When the appropriate OE Input 
is HIGH, the outputs are In the high impedance state. Two 
independent sets of outputs—W and Y—are provided ^uch 


that the register can simultaneously and Independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non- 
Inverting. 

The device also features an active LOW asynchronous 
clear. When the clear Input is LOW, the Q output of the 
internal flip-flops are forced LOW Independent of the other 
inputs. The Am2919 is packaged in a space-saving (0.3- 
inch row spacing) 20-pin package. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS2519 

Quad Register 

Am25LS2518 

Quad D Register 


03597B 
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CONNECTION DIAGRAM 
Top View 



/ iT ^ IS 



CD004590 

*F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


1 4 13 16 

-L L . J . 

Da Di Da Do 


19 —a CLR 
8-o|oE-Y 


Wq W, Wj W 3 Yq Y, Yj Y 3 


2 5 12 15 3 6 11 14 


METALLIZATION AND PAD LAYOUT 


— 20 ^ 

- 19 CLR 

- 18 POL 



DIE SIZE 0.083" x 0.009" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


'—Screening Option 

Blank - Standard processing 
B ~ Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0®C to + 70®C) 

M - Military (-SS^C to +125*0) 

Package 

D-20-pln CERDIP 
F - 20-pin flatpak 
L - 20-pin leadiess chip carrier 
P - 20-pln plastic DIP 
X - Dice 


Valid Combinations 

Am2912 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Device type 
Quad Register 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

1, 4, 13, 

16 

Di 

1 

Any of the four D flip-flop data lines. 

17 

E 

1 

Clock Enable. When LOW, the data is entered into the register on the next clock LOW-to-HIGH transition. When 
HIGH, the data in the register remains unchanged, regardless of the data in. 

9 

CP 

1 

Clock Pulse. Data is entered into the register on the LOW-to-HIGH transition. 

7, 8 

0^, 5^ 

1 

Output Enable. When OE is LOW, the register is enabled to the ou^ut. When HIGH, the output is in the high- 
impedance state. The OE-W controls the W set of outputs, and OE-Y controls the Y set. 

3. 6, 11, 

-14 

Yi 

0 

Any of the four non-inverting three-state output lines. 

2, 5, 12, 

15 

Wi 

0 

Any of the four three-state outputs with polarity control. 

18 

POL 

1 

Polarity Control. The Wj outputs will be non-inverting when POL is LOW, and when it is HIGH, the outputs are 
inverting. 

19 

Clr 

1 

Asynchronous Clear. When CLR is LOW, the internal Q flip-flops are reset to LOW. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 
20juA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 





Output 

Output 

Pin 

Input/ 

Input 

HIGH 

LOW 

No.'s 

Output 

Load 

MIL 

COM'L 

MIL 

COM'L 

1 

Do 

1.0 

- 

- 

- 

- 

2 

Wo 

- 

50 

130 

33 

33 

3 

Yo 

- 

50 

130 

33 

33 

4 

Di 

1.0 

- 

- 

- 

- 

5 

Wi 


50 

130 

33 

33 

6 

Yi 


50 

130 

33 

33 

7 

OE-W 

1.0 

- 

- 

- 

- 

8 

OE=Y 

1.0 

- 

- 

- 

- 

9 

CP 

1.0 

- 

- 

- 

- 

10 

GND 


- 

- 

- 

- 

11 

Y2 


50 

130 

33 

33 

12 

W2 


50 

130 

33 

33 

13 

D2 

1.0 

- 

- 

- 

- 

14 

Y3 

- 

50 

130 

33 

33 

15 

W3 

- 

50 

130 

33 

33 

16 

Ds 

1.0 

- 

- 

- 

- 

17 

E 

1.0 

- 

- 

- 

- 

18 

POL 

1.0 


- 

- 

- 

19 

Clr 

1.0 

- 

- 

- 


20 

Vcc 

- 

- 

- 

- 

- 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000090 

Note: Actual current flow direction shown. 
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L = LOW 
H = HIGH 

Z = High Impedance 
NC = No Change 
X = Don't Care 
T = LOW-to-HIGH Transition 


APPLICATION 



The Am2919 provides for easy control of the selection of source and destination register addresses for the 
Am2901. These controls can emanate from both the instruction register and the pipeline register. The 
control is accomplished by three-state action at the Am2919 outputs. Four different register outputs can be 
selected by the B address which is the destination register in the Am2901. Two registers can be selected 
for the Am2901 A input which is a second RAM source. 


The other pair of three-state outputs can be used for function control select as shown with the Am2921. 
Here, bit set, bit clear, bit toggle and bit test on any of the 16 bits can be performed. 
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OPERATING RANGES 

Cbmmereial (C) Devices 

Temperature..0®C to +70X 

Supply Voltage......+4.75V to +5.25V 

Military (M) Devices 

Temperature......~55°C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless othen/vise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ MIN 

V|N = Vh or ViL 

MIL, loH--10mA 

2.4 

3.4 


Volts 

COM’L, loH--2.6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc* min, 

V|N “ V|H or V|L 

Iql - 4.0mA 



0.4 

Volts 

Iql - 8.0mA 



0.45 

Iql - 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for ail inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc - min, l|N*-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc * max, V|n = 0.4V 



-0.36 

mA 

IlH 

Input HIGH Current 

Vcc * max, Viisj - 2.7V 



20 

mA 

h 

Input HIGH Current 

Vcc * max, V|N * 7.0V 



0.1 

mA 

lo 

Off-State (High-Impedance) 

Output Current 

Vcc -max 

Vo “ 0.4V 



-20 

mA 

Vq - 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc - max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc-MAX 

MIL 


24 

36 

mA 

COM'L 


24 

39 


Notes: 1. Typical limits are at Vcc^ S OV, 25**C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded: outputs open. \ 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.....- 66®C to +150®C 

(Ambient) Temperature Under Bias.......-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous..........-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..- 0.5V to + Vcc iriax 

DC Input Voltage...-0.5V to +7.0V 

DC Output Current, Into Outputs. .30mA 

DC Input Current. ...-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpHL 

Clock to Yj 



22 

33 

ns 

tPHL 



20 

30 

tPLH 

Clock to Wj 




24 

36 

ns 

fPHL 

(Either Polarity) 




24 

36 

tpHL 

Clear to Yj 



29 

43 

ns 

tPLH 

Clear to Wj 



25 

37 

ns 

tPHL 



30 

45 

tPLH 

Polarity to Wj 



23 

34 


tpHL 

Cl - 15pF 


25 

37 


Vw 

Clear 

Rl = 2.0kJ2 

18 



ns 

fpw 

Clock Pulse Width 

LOW 


15 



ns 

HIGH 


18 



fs 

Data 


15 



ns 

th 

Data 


5 



ns 

's 

Data Enable 


20 



ns 

th 

Data Enable 


0 



ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 


20 

15 


ns 

tZH 

Output Enable to W or Y 



11 

17 

ns 

tZL 



13 

20 

tHZ 

Output Enable to W or Y 

Cl = 5.0pF 


13 

20 

ns 

tLZ 

Rl = 2 .0kri 


11 

17 

tmax 

Maximum Clock Frequency (Note 1) 

Cl - 15pF 

Rl = 2.0kQ. 

35 

45 


MHz 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on tp, tf, 
pulse width or duty cycle. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 





Commercial 

Military 


Am2919 

Am2919 

Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 

Units 

tPLH 

Clock to Yj 

Cl = 50pF 

Rl = 2.0ka 


39 


42 

ns 

tPHL 


39 


45 

tpLH 

Clock to Wj 
(Either Polarity) 


41 


43 

ns 

fPHL 


44 


48 

tPHL 

Clear to Yj 


52 


58 

ns 

tPLH 

Clear to Wj 


42 


.43 

ns 

tPHL 


51 


53 

tPLH 

Polarity to Wj 


41 


45 

ns 

tPHL 


42 


44 

tpw 

Clear 

20 


20 


ns 

tpw 

Clock 

LOW 

20 


20 


ns 

HIGH 

20 


20 


ts 

Data 

15 


15 


ns 

th 

Data 

10 


10 


ns 

fs 

Data Enable 

25 


25 


ns 

th 

Data Enable 

0 


0 


ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 

23 


24 


ns 

tZH 

Output Enable to Wj or Yj 


24 


27 

ns 

tZL 


29 


35 

tHZ 

Output Enable to Wj or Yj 

Cl = S.OpF 

Rl = 2.0ki2 


33 


45 

ns 

tLZ 


22 


26 

tmax 

Maximum Clock Frequency (Note 1) 

Cl = 50pF 

Rl = 2.0k^2 

30 


25 


MHz 


"Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, 
Subgroup 9. 
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Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input • 8-bit, high-speed parallel register with positive edge- 

• Buffered common asynchronous clear input triggered, D-type flip-flops 

• Three-state outputs 


GENERAL DESCRIPTION 


The Am2920 Is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 


When the three-state output enable (^) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 
When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) \s used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 


BLOCK DIAGRAM 



BD001310 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2520 

Octal D-type Flip-Flop 

Am2918 

Quad D-Registers 

Am2954/55 

Octal D-Registers 

Am29821-26 

8 , 9, 10-Bit Registers 
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F-24 


CONNECTION DIAGRAM 
Top View 
P-22 
D-22 



L-28-1 

if IS ^ m ^ 




Note; Pin 1 is marked for orientation 
‘RESERVED — do not use. 


LOGIC SYMBOL 


3 4 7 8 13 14 17 18 


METALLIZATION AND PAD LAYOUT 



CCT 1 - 
Yo 2- 


-22 Vcc 
- 21 F 


Do 3- 
D1 4 - 
Yi 5 - 

Y2 6 - 
D2 7 - 
D3 8- 
Yg 9- 


CP 10 - 

GND 11- 




- 19 Y7 

- 18 D7 

- 17 De 
-16 Ye 
-15 Ye 
-14 De 


DIE SIZE 0.080" X 0.111" 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2920 


D C 

: B 

Valid Combinations 


*—Screening Option 


PC 


Blank - Standard processing 


DC, DCB, DM. 


B - Burn-in 


DMB 


— Temperature (See Operating Range) 

Am2920 

FM, FMB 


C -Commercial (0®C to +70*’C) 


LC, LCB, LM, 


M - Military (-65°C to +125^*0) 


LMB 

'— Package 


XC, XM 


D~ 22-pin CERDIP 
F~ 24-pin flatpak 
L-28-pin leadless chip carrier 
P-t 22-pin plastic DIP 
X- Dice 


Device type 
Octal D-Type Flip-Flop 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

1 

The D flip-flop data inputs. 

1 

Ulr 

1 

When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the register. 

10 

CP 

1 

Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 


Yj 

0 

The register three-state outputs. 

21 

E 

1 

Clock Enable. When the clock enable is LOW, data on the Dj input is transferred to the Qj output on the LOW-to- 
HIGH clock transition. When the clock enable is HIGH, the Qj outputs do not change state, regardless of the data 
or clock input transitions. 

20 


1 

Output Control. When the 5E input is HIGH, the Yj outputs are in the high impedance state. When the input is 

LOW, the TRUE register data is present at the Yj outputs. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TT2 Unit Load is defined as 
20/uA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 


Pin 

No.'s 

Input/ 

Output 

Am2920 

Input 

Load 

Output 

HIGH 

MIL COM'L 

Output 

LOW 

MIL COM'L 

1 

CLR 

1 

- 

- 

- 

- 

2 

Yo 

- 

50 

130 

22 

22 

3 

Do 

1 

- 

- 

- 

- 

4 

Di 

1 

- 

- 

- 

- 

5 

Yl 

- 

50 

130 

22 

22 

6 

Y2 

- 

50 

130 

22 

22 

7 

D2 

1 

- 

- 

- 

- 

8 

D3 

1 

- 

- 

- 

- 

9 

Y3 

- 

50 

130 

22 

22 

10 

CP 

1 

- 

- 

- 

- 

11 

GND 

- 

- 

- 

- 

- 

12 

Y4 

- 

50 

130 

22 

22 

13 

D4 

1 

- 

- 

- 

- 

14 

Ds 

1 

- 

- 

- 

- 

15 

Ys 

- 

50 

130 

22 

22 

16 

Ye 

- 

50 

130 

22 

22 

17 

De 

1 

- 

- 


- 

18 

Dy 

1 

- 

- 

-- 

- 

19 

Yy 

- 

50 

130 

22 

22 

20 

OE 

1 

- 

- 

- 

- 

21 

E 

1 

- 

- 

- 

- 

22 

Vcc 

- 

- 

- 


- 


FUNCTION TABLE 



Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

E 

D| 

CP 

Qi 

Y| 

Hi-Z 

H 

X 

X 

X 

X 

X 

Z 

Clear 

H 

L 

X 

X 

X 

L 

z 


L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

Z 


L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

T 

L 

Z 


H 

H 

L 

H 

T 

H 

z 


L 

H 

L 

L 

T 

L 

L 


L 

H 

lL 

H 

T 

H 

H 


H = HIGH NC = No Change 

L = LOW T = LOW-to-HIGH transition 

X == Don't Care Z = High-Impedance 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000090 

Note: Actual current flow direction shown. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous..-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.. O^C to + 70°C 

Supply Voltage.....+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL. loH = -10mA 

2.4 

3.4 


Volts 

COM'L, loH =-2.6mA 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql “ 4.0mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

V6c = min, l|N = -18mA 



-1.5 

Volts 

V|L 

Input LOW Current 

Vcc = MAX, V|N = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n =* 2.7V 



20 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 



0.1 

mA 

to 

Off-State (High-Impedance) 

Output Current 


Vo = 0.4V 



-20 


Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 


24 

37 

mA 


Notes; 1. Typical limits are at Vcc = 5.0V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, Dj inputs = CLR OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


type. 
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SWITCHING CHARACTERISTICS (Ta 

= +25X, Vcc = 5.0V) 






Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Clock to Yj (OE LOW) 




18 

27 

ns 

tpHL 




24 

36 

tPHL 

Clear to Y 




22 

35 

ns 

ts 

Data (Dj) 



10 

3 


ns 

th 

Data (Dj) 



10 

3 


ns 

ts 

Enable (E) 

Active 



15 

10 


ns 

Inactive 

Cl = 15pF 


20 

12 


th 

Enable (E) 

Rl = 2 .0kii 

0 

0 


ns 

ts 

Clear Recovery (In-Active) to Clock 



11 

7 


ns 

tpw 

Clock 

HIGH 



20 

14 


ns 

LOW 



25 

13 


tpw 

Clear 



20 

13 


ns 

tZH 

OE to Yj 




9 

13 

ns 

tZL 




14 

21 

tHZ 

OE to Yj 

Cl = 5.0pF 



20 

30 

ns 

tLZ 

Rl = 2.0kJ2 

. 

24 

36 

tmax 

Maximum Clock Frequency (Note 1) 



40 


MHz 

Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no contraints on tr, tf, 
pulse width or duty cycle. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 











COMMERCiAL 

Am2920 

MiLiTARY 

Am2920 


Parameters 


Description 


Test Conditions 

Min 

Max 

Min 

Max 

Units 

tpLH 


Clock to Yj (5E LOW) 






33 



m 

tPHL 







45 


54 

tpHL 

Clear to Y 




43 


51 

ns 

ts 

Data (Di) 



12 


mm 


ns 

th 

Data (Di) 



12 


mm 


ns 


Enable (^) 

Active 



bbi 


20 



ts 

inactive 


Cl = 50pF 

20 


23 


th 

Enable (?) 


Rl “ Z.Okfi 

0 


0 


ns 

ts 

Clear Recovery (In-Active) to Clock 



mm 


15 


ns 

tpw 

Clock 

HIGH 



25 


30 


nm 

LOW 



30 


35 


tpw 

Clear 



22 


25 


ns 

tZH 


5? to Yj . 






19 


25 

ns 

tZL 







30 


39 

tHZ 


5? to Yi 




Cl = S.OpF 


35 


40 

ns 

tLZ 





Rl = 2.0Kn 


39 


42 

fmax 

Maximum Clock Frequency (Note 1) 


25 


20 


MHz 

•Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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One-of-Eight Decoder with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Three-state decoder outputs • AC parameters specified over operating temperature 

• Buffered common output polarity control and power supply ranges. 

• Inverting and non-inverting enable inputs 


GENERAL DESCRIPTION 


The Am2921 is a three-line to eight-line decoder/demulti¬ 
plexer fabricated using advanced Low-Power Schottky 
technology. The decoder has three buffered select inputs 
A, B, and C, which are decoded to one-of-eight Y outputs. 
Two active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW at the output. Two 


separate active-LOW output enables (OE) inputs are pro¬ 
vided. If either OE input is HIGH, the output is in the high 
Impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 

The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2537 

1 of 10 Decoder 

Am25LS2538 

1 of 8 Decoder 

Am25LS2539 

Dual 1 of 4 Decoder 

Am2924 

3 to 8 Line Decoder/ 
Demultiplexer 


03599B 
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CONNECTION DIAGRAM 
Top View 

P-20 L-20-1 

D-20 

F-20* 



CD004710 CD004700 


*F-20 pin configuration identical to D-20, P-20. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


12 6 7 17 


16 — C 

POL ABC 

15 -C 

E2 

14 - 

E3 

13 - 

^4 

4 -0 

OE, 

5-—0 

>- 

o 

>- 

o 


3 2 1 19 18 8 9 11 

LS001070 


METALLIZATION AND PAD LAYOUT 



DIE SIZE 0.081" X 0.096" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is fprmed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


D C B 

Valid Combinations 


'—Screening Option 


PC 


Blank - Standard processing 


DC, DCB, DM, 


B - Burn-in 


DMB 


— Temperature (See Operating Range) 

Am2921 

FM, FMB 


C -Commercial (0®C to +70®C) 


LC, LCB, LM, 

— Pa 

M - Military (-55°C to + 125X) 
ckage 


LMB 

XC, XM 


D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P~ 20-pin plastic DIP 

X-Dice Valid Combinations 


Device type 
1-of-8 Decoder 


Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

6 , 7, 17 

o 

CD 

< 

I 

The three select inputs to the decoder/demultiplexer. 

16, 15 

El. E 2 

I 

The active LOW enable inputs. A HIGH on either the E-\ or Ez input forces all decoded functions to be disabled. 

14, 13 

E3. E4 

I 

The active HIGH enable inputs. A LOW on either E 3 or E 4 inputs forces all the decoded functions to be inhibited. 

12 

POL 

I 

Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the Y outputs to the active-LOW state. 

4, 5 

0 Ei, 0^2 

I 

Output Enable. When both the 5 Ei and OE 2 inputs are LOW, the Y outputs are enabled. If either OE 1 or UEz input 
is HIGH, the Y outputs are in the high impedance state. 


Yi 

0 

The eight outputs for the decoder/demultiplexer. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 
20 /lcA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW 


Pin 

No.'s 

Input/ 

Ouput 

Input 

Load 

Output 

HIGH 

MIL COM'L 

Output 

LOW 

MIL COM'L 

1 Y2 

- 

50 

130 

33 

33 

2 

Yi 

- 

50 

130 

33 

33 

3 

Yo 

- 

50 

130 

33 

33 

4 

SEi 

1.0 

- 

- 

- 

- 

5 

OE 2 

1.0 

- 

- 

- 

- 

6 

A 

1.0 

- 

- 

- 

- 

7 

B 

1.0 

- 

- 

- 

- 

8 

Y 5 

- 

50 

130 

33 

33 

9 

Ye 

- 

50 

130 

33 

33 

10 

GND 

- 

- 

- 

- 

- 

11 

Y 7 

- 

50 

130 

33 

33 

12 

POL 

1.0 

- 

- 

- 

- 

13 

E 4 

1.0 

- 

- 

- 

- 

14 

E 3 

1.0 

- 

- 

- 

- 

15 

E2 

1.0 

- 

- 

- 

- 

16 

Ei 

1.0 

- 

- 

- 

- 

17 

C 

1.0 

- 

- 

- 

- 

18 

Y 4 

- 

50 

130 

33 

33 

19 

Y 3 

- 

50 

130 

33 

33 

20 

vcc 

- 

- 

- 

- 



LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000090 

Note: Actual current flow direction shown. 
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FUNCTfON TABLE 







INPUTS 





— 



OUTPUTS 




FUNCTiON 



















Oil 

OE2 

El 

E2 

E3 

E4 


C 

B 

A 

Bl 

wm 

m 

wm 

■9 

wm 

wm 

wm 


High-Impedance 

H 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

a 

X 

X 

X 

X 

B 

B 

B 

B 

B 

B 

B 

B 

a 


L 

L 

H 

X 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

X 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

H 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

Disable 

L 

L 

X 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

L 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

L 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

X 

X 

X 

L 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

X 

X 

X 

L 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

Active-HIGH Output 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L . 
L 

H 

L 

L 

H 

L 

L 

L 

L 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 


L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 


L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

Active-LOW Output 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 


L 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 


L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 


L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 


H = HIGH L = LOW X = Don't Care Z = High Impedance 


APPLICATIONS 


FROM 

MICROPROGR AM MEMORY 
POL A 8 C D 



AF001860 

Two Am2921's can be used to perform a bit set, bit clear, bit toggle or bit test on any of sixteen bits in a microprocessor system. 
Examples of the operations performed are as follows: 


Microprogram 


Am2901 


Bit Function 


Controi 


16>Bit Fieid From Am2921 


ALU 


Performed On 


D C B A POL 0 


0 0 11 0 0 
1 1 0 0 0 0 
0 110 1 1 
10 10 1 1 
10 1 0 0 0 


1 2 3 4 5 6 


0 0 1 0 0 0 
0 0 0 0 0 0 
1 1 1 1 0 1 
111111 
0 0 0 0 0 0 


7 

"o' 

0 

1 

1 

0 


89 10 11 


0 0 0 0 
0 0 0 0 
1111 
10 1 1 
0 10 0 


12 13 14 


0 0 0 
1 0 0 
1 1 1 
1 1 1 
0 0 0 


15 


Function 


Seiected Register 


0 OR 

0 AND 

1 AND 

1 EX NOR 
0 EX OR 


BIT SET 
BIT TEST 
BIT CLEAR 
BIT TOGGLE 
BIT TOGGLE 


Note: Bit test is performed using F = 0 output of Am2901. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55*C to +125‘*C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature...0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description 


Output HIGH Voltage 

Output LOW Voltage 
Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 
Input LOW Current 
Input HIGH Current 
Input HIGH Current 

Off-State (High-Impedance) 
Output Current 

Output Short Circuit Current 
(Note 3) _ 

Power Supply Current 
(Note 4) 


Vcc « MIN 
V|N - ViH or V|L 


Test Conditions (Note 2 ) 


IQH - 1.0mA (MIL) 

Vin^Vih or V|L Iqh-- 2.6mA (COM'L) 
lOL “ 4.0mA 

Vcc - min Iol “ 8.0mA 

V|N “ V|H or V|L --—-- 

Iql 12mA _ 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW , .. 

voltage for all inputs _ COM'L 

Vcc ” min, ltN»-18mA _ 

Vcc * max, V|n * 0.4V _ 

Vcc max, VjN * 2.7V _ 

Vcc * max, V|n » 7.0V _ 

_ - Vo “0.4V 

Vcc * MAX ^ mO A\j 


Vcc » max 


Min 

Typ 

(Note 1) 

Max 

2.4 

3.4 


2.4 

3.4 




0.4 



0.45 



0.5 

2.0 





0.7 



0.8 



-1.5 



-0.36 



20 



0.1 



-20 



20 

-15 


-85 


21 

34 


Notes: 1. Typical limits are at Vcc* 5.0V, 25"C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 1 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A»B®C = Ei =^ 2 “ GND; E 3 - E 4 » POL » QEi » 5^2 * 4.5V. 


SWITCHING CHARACTERISTICS (Ta = +25^C. Vcc = 5.0V) 
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Am2922 

Eight Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 

• High speed eight-input multiplexer • Three-state output for expansion 

• On-chip Multiplexer Select and Polarity Control Register • Common register enable, asynchronous register clear 

• Output polarity control for inverting or non-inverting • AC parameters specified over operating temperature 

output and power supply ranges 


GENERAL DESCRIPTION 


The Am2922 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine designs. 

The Am2922 contains an internal register which holds the 
A, B and C multiplexer select lines as well as the POL 
(Polarity) control bit. When the Register Enable input (RE) 
is LOW, new data is entered into the register on the LOW- 
to-HIGH transition of the clock. When RE is HIGH, the 
regist er ret ains its current data. An asynchronous clear 
input (CLR) is used to reset the register to a logic LOW 
level. 

The A, B and C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip- 


flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen¬ 
ted flag data at the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (ME) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 

The Am2922 also features a thr^-state Output Enable 
control (OE) for expansion. When OE is LOW, the output is 
enabled. When OE is HIGH, the output is in the high 
impedance state. 


BLOCK DIAGRAM 



03600B 
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Am2922 


CONNECTION DIAGRAM 
Top View 

P-20 L-20-1 

D-20 



It! i <r o 



CD004720 


Note: Pin 1 is marked for orientation 
F-20 pin configuration Identical to D-20, P-20. 


LOGIC SYMBOL 


t 19 18 17 14 13 12 11 



METALLIZATION AND PAD LAYOUT 

B 6 --r—-^-1 j--^- 5 ' C ' 



DIE SIZE 0.080" X 0.099" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2922 


D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0®C to + 70®C) 

M - Military (-55X to +126°C) 


Valid Combinations 

Consult the AMD sales office in your area to 


'-Package 

D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pln leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 


Valid Combinations 

Am2922 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Device type 
8 -lnput Multiplexer 


determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

4, 6, 5 

A, B, C 

1 

Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, B and C register outputs. 

9 

POL 

1 

Polarity Control Bit. A HIGH register output causes a true (non-inverted) output and a LOW causes the output to be 
inverted. 

2 


1 

Multiplexer Enable. When LOW, it enabled the 8-input multiplexer. When HIGH, the Y output is determined by only 
the Polarity Control bit. 

3 


1 

Register Enable. When LOW, the Multiplexer Select and Polarity Control Register is enabled for loading. When 
HIGH, the register holds its current data. 

8 

ClfI 

1 

Clear. A LOW asynchronously resets the Multiplexer Select and Polarity Control Register. 


□i-De 

1 

Data Inputs to the 8-input multiplexer. 

7 

CP 

1 

Clock Pulse. When RE is LOW, the Multiplexer Select and Polarity Control Register changes state on the LOW-to- 
HIGH transition of CP. 

16 


1 

Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high impedance state. 

15 

Y 

0 

The chip output. 


FUNCTION TABLE 


MODE 

INPUTS 

INTERNAL 

INPUTS 

OUTPUT 

C B A POL RE OTI CP 

Qc Qb Qa Qpol 

ME OE 

Y 

Clear 

X X X X X L X 

i i i i i i i 

L L L L 

i i i i 

H L 

L L 

X H 

H 

Do 

Z 

Reg. Disable 

X X X X H H X 

NC NC NC NC 

L L 

Oi/Dj 
(Note 1) 

Select 

(Multiplex) 

L L L L/ 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H 1 

'H 1 

r 1 

r \ 

1 1 

r ^ 

r 

r 

L L L L/ 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H 1 

'H 

r 

1 

1 

1 

r ^ 

T 

Bq/Do 

Di/Oi 

D 2 /D 2 

D 3 /D 3 

D 4 /D 4 

D 5 /D 5 

De/De 

D 7 /D 7 

Multiplexer 

Disable 

) 

< ) 

< ) 

< ) 

< ) 

< f 

H ) 

< 

X X X L 

X X X H 

H L 

H L 

H 

L 

Tri-state 

Output 

Disable 

1 

- J 

r 1 

r ^ 

r ^ 

r 1 

r 1 

r 

X X X X 

X H 

z 


NC* No Change Note 1; The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 

X = Don't Care 
H » High 
L = Low 

r = Low-to-High Transition 
Z * High-Impedance 
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APPLICATIONS 


INSTRUCTICN 
INPUTS 
FROM PIPELINE 
REGISTER 


TEST 

INPUTS 


2 

3 

4 

5 

6 


8 


10 

11 

12 

« 

14 

15 

16 



A versatile one-of-sixteen Test Select with Polarity Control and Test Select Hold. 



)6 








OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to -»-125®C 

Supply Voltage..+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or V|L 

MIL, loH =-2.0mA 

2.4 

3.4 


Volts 

COM'L, loH=-6.5mA 

2.4 

3.2 


VOL 

Output LOW Voltage 

Vcc = MIN 

V|N = ViH or V|L 

lOL = 4.0mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

Iql =■ 20mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 

0.8 



V| 

Input Clamp Voltage 

Vcc = min, l|N=-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, 

V|N = 0.4V 

ME. 5E, M 



-0.72 

mA 

Dn. a, B, C, POL, CP, CLR 



-2.0 

l|H 

Input HIGH Current 

Vcc = max, 

V|N = 2.7V 

ME. 5E, ^ 



40 


Dn, a, B, C. POL, CP, SLR 



50 

h 

Input HIGH Current 

Vcc = max. 

V|N = 5.5V 

ME. 5E, re 



0.1 

mA 

Dn, a. B, C, POL, CP, CLR 



1.0 

•oz 

Off-State (High-Impedance) 

Output Current 

Vcc = MAX 

Vo = 0.4V 



-50 

txA 

Vo = 2.4V 



50 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = MAX 

-40 


-100 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max 


97 

148 

mA 


Notes: 1. Typical limits are at Vcc'=5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Dn, a, B, C, POL, ME at Gnd. All other inputs and outputs open. Measured after a momentary ground then 4.5V applied to clock 
input. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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Am2922 


SWITCHING CHARACTERISTICS (Ta = +25«C. Vcc = 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 


tpLH 

Clock to Y POL-LOW 

Cl“ 15pF 

Rl “ 2.0kl2 


21 


ns 

tpHL 


19 


tpLH 

Clock to Y POL-HIGH 


16 

24 

ns 

tPHL 


19 

29 

tPLH 

DntoY 


10 

■OB 

ns 

tpHL 


13 

19 

tpLH 

CLR to Y 


22 

||[^|||[ 


tPHL 


22 

33 

tPLH 

^ to Y 


12 

mm 

g 

tPHL 


12 

18 

tZL 

DE to Y 


8 

14 

ns 

tZH 


8 

14 

tLZ 

Cl * S.OpF 

Rl -= 2.0kJ2 


10 

17 


tHZ 


10 

17 

^8 

A, B. C, POL 

Cl= 15pF 

Rl » 2.0kn 

10 



ns 

CE 

15 



^8 

CLR Recovery 

5 



ns 


Clock 

10 




Clear (LOW) 

10 



th 

A, B. C, POL, CE 

0 



_ 1 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Parameters 

Description 









tpLH 

Clock to Y POL-LOW 

Cl “ 50pF 

Rl « 2.0ki2 


mm 


47 

mnn 

tpHL 


mm 



tpLH 

Clock to Y POL-HIGH 


29 



g 

tPHL 


35 


41 

tPLH 

DntoY 


19 


21 


tpHL 


22 


24 

tPLH 

CLR to Y 


39 


■ai 

mil 

tpHL 


39 


45 

tpLH 

Ml to Y 





g 

tpHL 


19 



tZL 

5E to Y 


19 


24 

mm 

tZH 


22 



tLZ 

Cl * S.OpF 

Rl “ 2.0ka 


mm 


30 

g 

tHZ 


mm 


Hlgjlll 

t8 

A, B, C. POL 

Cl = 50pF 

Rl = 2.0kr2 

11 


12 


mm 

CE 

18 


20 


t8 

CLR Recovery 

6 


7 



tpw 

Clock 

11 


12 



Clear (LOW) 

11 


12 


th 

A, B, C, POL, CE 

3 


3 


__!!!_1 

"Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000381 

Note: Actual current flow direction shown. 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2535 

8 -Input Multiplexer 

Am2923 

8 -Input Multiplexer 
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Am2923 

Eight-Input Multiplexer 


DISTINCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Switches one of eight inputs to two complementary 

• 3-state output for bus organized systems outputs 


GENERAL DESCRIPTION 


The Am2923 is an 8-input multiplexer that switches one of 
eight inputs onto the inverting and non-inverting outputs 
under the control of a 3-bit select code. The inverting 
output is one gate delay faster than the non-inverting 
output. 


The Am2923 features a 3-state output for data bus organi¬ 
zation. The active-LOW strobe, or "output control", applies 
to both the inverting and non-inverting output. When the 
output control is HIGH, the outputs are In the high- 
impedance state. When the output control is LOW, the 
active pull-up output is enabled. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am2922 

8 Input MUX with Register Control 

Am25LS2535 

8 Input MUX with Register Control 
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CONNECTION DIAGRAM 
Top View 

P-16 L-20-1 

D-16 

F-16* 




Note: Pin 1 is marked for orientation 
*F-16 pin configuration identical to D-16, P-16. 


METALLIZATION AND PAD LAYOUT 


□2 2 
Di 3 
Do 4 
Y_ 5 
W 6 
^ 7 


GND 8 



14 Ds 
13 D6 
12 Dy 
11 A 
10 B 
9 


DIE SIZE: 0.064" x 0.067" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


D ( 

: B 

Valid Combinations 


1—Screening Option 


PC 


Blank - Standard processing 


DC, DCB, DM, 


B ~ Burn-in 


DMB 


— Temperature (See Operating Range) 

Am2923 

FM, FMB 


C -Commercial (0®C to +70'’C) 


LC, LCB, LM, 

— Pa 

M - Military (-55°C to +125X) 
ckage 


LMB 

XC, XM 


D- 16-pin CERDIP 
F -16-pin flatpak 
L-20-pin leadless chip carrier 
P-16-pin plastic DIP 
X- Dice 


Device type 
8 -Input Multiplexer 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device Is currently available in the 
combination you wish. 
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PIN DESCRIPTION 




BEI 

Description 

9. 10. 11 

A.B.C 

rn 

The three select inputs of the multiplexer. 



■ 

The eight data inputs of the multiplexer. 

5 

Y 

0 

The true multiplexer output. 

6 

W 

0 

The complement multiplexer output. 

7 

§ 

1 

Output Control. HIGH on the output control (or strobe) forces both the W and Y outputs to the high-impedance (off) 
state. 


FUNCTION TABLE 


INPUTS 

OUTPUTS 


SELECT 


Output Control 



C 

B 

A 

S 

Y 

w 

X 

X 

X 

H 

Z 

z 

L 

L 

L 

L 

Do 

Do 

L 

L 

H 

L 

Di 

Di 

L 

H 

L 

L 

D 2 

D 2 

L 

H 

H 

L 

D3 

D3 

H 

L 

L 

L 

D4 

D4 

H 

L 

H 

L 

D5 

D5 

H 

H 

L 

L 

De 

De 

H 

H 

H 

L 

D7 

D7 


H = HIGH X = Don't Care 

L = LOW Z = High Impedance 

D 0 -D 7 = The output will follow the HIGH-level or LOW- 
level of the selected input. 

D 0 -D 7 = The output will follow the complement of the 
HIGH-level or LOW-level of the selected input. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



LOADING RULES (In Unit Loads) 


Input/ 

Output 

Pin No.'s 

Input 
Unit Load 

Fan-out 

Output Output 
HIGH LOW 

D3 

1 

1 

- 

D 2 

2 

1 

- 

Di 

3 

1 

- 

Do 

4 

1 

- 

Y 

5 

- 

20 

10 

W 

6 


20 

10 

S 

7 

1 

- 

GND 

8 

- 

- 

C 

9 

1 


B 

10 

1 

- 

A 

11 

1 

- 

Dy 

12 

1 

- 

De 

13 

1 

- 

Ds 

14 

1 

- 

D4 

15 

1 


Vcc 

16 

- 

- 


A Schottky TTL Unit Load is defined as 50 /liA 
measured at 2.7V HIGH and “2.0mA measured at 
0.5V LOW. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.65®C to +150°C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous..-0.5V to + 7.0V 

DC Voltage Applied to Outputs For 

High Output State. .-0.5V to +Vcc max 

DC Input Voltage.....-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature...0®C to + 70®C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 


Description 


Test Conditions (Note 1) 


Min 


Typ 

(Note 2) 


Max 


Units 


VOH 


Output HIGH Voltage 


Vcc = min, 

V|N = V|H or V|L 


MIL, IQH = 


-2mA 


COM'L, loH= -6.5mA 


VoL 


Output LOW Voltage 


Vcc = min, Iol = 20mA 
V|N = V|H or V|L 


Volts 


Guaranteed input logical HIGH 
voltage for all inputs 


V|H 


Input HIGH Level 


Volts 


V|L 


Input LOW Level 


Guaranteed input logical LOW 
voltage for all inputs 


Volts 


Input Clamp Voltage 


Vcc = min, I|N= -18mA 


- 1.2 


Volts 


IlL 

(Note 3) 


Unit Load 
Input LOW Current 


Vcc = MAX, V|N = 0.5 


mA 


l|H 

(Note 3) 


Unit Load 

Input HIGH Current 


Vcc = max, V|n = 2.7 


mA 


Input HIGH Current 


Vcc = max, V|n = 5.5V 


lo(off) 


Off-State (High-lmpedence) 
Output Current 


Vcc = max, Vo = 2.4V 
V|N = V|H or V|L Vo = 0.5V 


50 

-50 


mA 


isc 


Output Short Circuit Current 
(Note 4) 


Vcc = max Vout = 0.0V 


Jcc 


Power Supply Current 


Vcc = max (Note 5) 


55 


85 


Notes; 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc 5.0V, 25°C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with all outputs open and all inputs at 4.5V. 

SWITCHJNG CHARACTERISTICS (Ta = 25X) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

A, B, or C to Y; 4 Levels of Delay 



12 

18 


tpHL 



13 

19.5 

ns 

tPLH 

A, B, or C to W; 3 Levels of Delay 



10 

15 


tpHL 

Vcc = 5.0V, Rl = 280a Cl » 15pF 


9 

13.5 

ns 

tPLH 

Any D to Y 


8 

12 


tpHL 



8 

12 

ns 

tPLH 

Any D to W 



4.5 

7 


tPHL 



4.5 

7 

ns 

tZH 

Output Enable to Y 



13 

19.5 


tZL 

Vcc = 5.0V, Rl = 280^2, Cl = 15pF 


14 

21 

ns 

tZH 

Output Enable to W 


13 

19.5 


tZL 



14 

21 

ns 

tHZ 

Output Enable to Y 



5.5 

8.5 


tLZ 

Vcc = 5.0V, RL= 280 n, Cl - 5pF 


9 

14 

ns 

tHZ 

Output Enable to W 


5.5 

8.5 


tLZ 



9 

14 

ns 
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Am2924 

Three-Line to Eight-Line Decoder/Demultiplexer 


DISTINCTIVE CHARACTERISTICS 


• Advanced Schottky technology 


• Inverting and non-inverting enable inputs 


GENERAL DESCRIPTION 


The Am2924 is a 3-line to 8-line decoder/demultiplexer 
fabricated using advanced Schottky technology. The de¬ 
coder has three buffered select inputs A, B and C that are 
decoded to one of eight Y outputs. 


One active-HIGH and two active-LOW enables can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. When_the enable input 
function is in the disable state, all eight Y outputs are HIGH 
regardless of the A, B and C select inputs. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8 -Bit Decoder 

Am25LS2537 

1 of 10 Decoder 

Am25LS2538 

1 of 8 Decoder 

Am25LS2539 

Dual 1 of 4 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1 of 8 Decoder 


03602B 
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Am2924 


CONNECTION DIAGRAM 
Top View 

P-16 L-20-1 

D-16 

F-16* 


O 8 0 

X « < > !>• 




*F-16 pin configuration identical to D-16, P-16. 
Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2924 


D C B 

Valid Combinations 


'— Screening Option 


PC 


Blank - Standard processing 


DC, DCB, DM, 


B - Burn-in 


DMB 


— Temperature (See Operating Range) 

Am2924 

FM, FMB 


C -Commercial (0 to +70°C) 


LC, LCB, LM, 

— Pa 

M - Military (-55 to +125°C) 
ckage 


LMB 

XC, XM 


D-16-pin CERDIP 
F~16-pln flatpak 
L-20-pin leadless chip carrier 
P-16-pin plastic DIP 
X- Dice 

Valid Combinations 


Device type 
Decoder/Demultiplexer 


Consult the AMD sales office in your area to 
determine if a device Is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

1. 2, 3 

A, B, C 

1 

A, B, C Select. The three select inputs to the decoder. 

6 

G1 

1 

The actIve-HIGH enable input. A LOW on the G1 input forces all Y outputs HIGH regardless of any other inputs. 

4,5 

S2A, S2l 

1 

The active-LOW enable input. A HIGH on either the (j 2A or G2B input forces all Y outputs HIGH regardless of any 
other inputs. 

15, 14, 13 
12, 11, 10 

9, 7 

5, H, s. 

0 

The eight decoder outputs. 


FUNCTION TABLE 


LOADING RULES (In Unit Loads) 


inputs 

Outputs 

Enabie 

Seiect 

G1 

G2A 

G2B 

C 

B 

A 

Yo 

Yi 

Y2 

Y3 

Y4 

Ys 

Ye 

Y7 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 


H * HIGH 
L » LOW 
X = Don't care 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Input/ 

Output 

Pin 

No.'s Unit Load 

Fan-out 

Output Output 
HIGH LOW 

A 

1 

1 

- 

- 

B 

2 

1 

- 

- 

C 

3 

1 

- 

- 


4 

1 

- 

- 

528 

5 

1 

- 

- 

G1 

6 

1 

- 

- 

y7 

7 

- 

20 

10 

GND 

8 

- 

- 

- 

ye 

9 

- 

20 

10 

Y5 

10 

- 

20 

10 


11 

- 

20 

10 

Yi 

12 

- 

20 

10 


13 

- 

20 

10 

yT 

14 

- 

20 

10 

Yi 

15 

- 

20 

10 

Vcc 

16 

- 

- 

- 


A Schottky TJL Unit Load is defined as SOjuA 
measured at 2.7V HIGH and -2.0mA measured at 
0.5V LOW. 
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H=HIGH 


One<of-Sixteen 







ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 


Storage Temperature..-65°C to +150°C 

(Ambient) Temperature Under Bias.-55°C to +125°C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Commercial (C) Devices 

Temperature.0°C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 



Notes: 1. For conditions shown as MIN or MAX, use the the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0 V, 25“C ambient and maximum loading. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Output enabled and open. 


SWITCHING CHARACTERISTICS (Ta = 25X) 
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Am2925 


Am2925 

Clock Generator and Microcycle Length Controller 


DISTINCTIVE CHARACTERISTICS 

• System controls for Run/Halt and Single Step 

Switch debounced inputs provide flexible halt con¬ 
trols 

• Slim 0.3" 24-pin package 

LSI Complexity in minimum board area 


GENERAL DESCRIPTION 

The Am2925 oscillator runs at frequencies to over 31 MHz. 
A buffered oscillator output, Fq, is provided for external 
system timing in addition to the four microcode controlled 
clock outputs Ci, C 2 , C 3 and C 4 . 

System control functions include Run, Halt, Single-Step, 
Initiali ze and Ready/Walt controls. In addition, the FIRST/ 
LAST input determines where a halt occurs and the Cx 
Input determines the end point timing of wait cycles. 
WAITACK Indicates that the Am2925 is In a wait state. 


BLOCK DIAGRAM 



03367A 


The Am2925 is a single-chip general purpose clock genera- 
tor/driver. It is crystal controlled, and has microprogramma- 
ble clock cycle length to provide significant speed-up over 
fixed clock cycle approaches and meet a variety of system 
speed requirements. The Am2925 generates four different 
simultaneous clock output waveforms tailored to meet the 
needs of Am2900 and other bipolar and MOS microproces¬ 
sor based systems. One-of-elght cycle lengths may be 
generated under microprogram control using the Cycle 
Length inputs Li, L 2 , and L 3 . 


• Crystal controlled oscillator 

Stable operation from 1MHz to over 31 MHz 

• Four microcode controlled clock outputs 
Allows clock cycle length control for 15-30% in¬ 
crease in system throughput. Microcode selects one 
of eight clock patterns from 3 to 10 oscillator cy¬ 
cles in length 
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CONNECTION DIAGRAM 
Top View 


D-24-Slim 


L-28-1 


QNO □; 

rIaS? 
•■ilZ 
1.2 C 
‘-aCZ 
ciC 
C 2 CI 
CaC 
C 4 IZ 

S8NC 

88NO □; ■ 
QNO I 


Z] Vcc 

nc, 


,8 j S 


WAITACK 

□ run 

□ »5ACf 
] FIRST/uSif 
]Xl 
]X2 

.pFo 

13 P Vcc 



i i i 


CD004820 

Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 



- 17 FIRST/LAST 

16 Xi 


DIE SIZE: 0.097" X. 122" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2925 


C B 

1 -Screening Option 

Blank - Standard processing 

B - Burn-in 

Valid Combinations 

Am2925 

DC, DCB, 
LC, LCB, 

DMB 

LMB 

-Temperature (See Operating Range) 

C - Commercial fO°C to + 70®C> 


XC, XM 



M - Military (-55°C to +125‘’C) 

- Package 

D - 24-pin SLIMDIP 
L - 28-pin leadless chip carrier 
X - Dice 


Device type 
Clock Generator 


Valid Combinations 

Consult the AMD sales office In your area to 
determine If a device is currently available In the 
combination you wish. 


5-221 


03367A 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2925 








LOGIC DIAGRAM 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

6, 7 , 8. 9 

Cl, C2 

C3, C4 

0 

System clock outputs. These outputs are all active during every system clock cycle. Their timing is deter¬ 
mined by clock cycle length controls, Li, L2, and L3. 

3 , 4 , 5 

Li, L2. L3 

1 

Clock cycle length control inputs. These inputs receive the microcode bits that select the microcycle 
lengths. They form a control word which selects one of the eight microcycle waveform patterns F3 
through Fiq. 

14 

Fo 

0 

The buffered oscillator output. Fo internally generates all of the timing edges for outputs Ci, C2, C3, C4 
and WAITACK. Fq rises just prior to all of the Ci, C2, C3, C4 transitions. 

18 , 19 

HTilT and 

RUN 

1 

Debounced inputs to provide HALT control. These inputs determine whether the output clocks run or not. 

A LOW input on HALT (RUN = HIGH) will stop all clock outputs. 

17 

FIRST/LAST 

1 

HALT time control input. A HIGH input in conjunction with a HALT command will cause a halt to occur 
when C4 = LOW and Ci « C2 = C3 = HIGH (see clock waveforms). A LOW input causes a HALT 
to occur when Ci = C2 = C3 = LOW and C4 = HIGH. 

11 , 10 

SSNO and 
SSNC 

1 

Single Step control inputs. These debounced inputs allow system clock cycle single stepping while HALT 
is activated LOW. 

21 

WAITREQ 

I 

The Wait Request active LOW input. When LOW this input will cause the outputs to halt during the next 
oscillator cycle after the Cx input goes LOW. 

23 

Cx 

1 

Wait cycle control input. The clock outputs respond to a wait request one oscillator clock cycle after Cx 
goes LOW. Cx is normally tied to any one of Ci, C2, C3 or C4. 

20 

WAITACK 

0 

The Wait Acknowledge active LOW output. When LOW, this output indicates that all clock outputs are in 
the "WAIT" state. 

2 

READY 

1 

The READY active LOW input is used to continue normal clock output patterns after a wait stage. 

22 

Mf 

1 

The Initialize active LOW input. This input is intended for use during power up initialization of the system. 
When LOW all clock outputs free run regardless of the state of the Halt, Single Step, Wait Request and 
Ready inputs. 

16 , 15 

Xi, X2 

1, 0 

External crystal connections. Xi can also be driven by a TTL frequency source. 




DETAILED DESCRIPTION 

The Am2925 is a dynamically programmable general-purpose 
clock generator/driver. It can be logically separated into three 
parts. There is an oscillator, a state machine decoder and a 
state machine control section. 

The oscillator is a linear inverting amplifier which may be 
configured with a minimum of external parts as a 1 st harmon¬ 
ic^ crystal oscillator, 3rd harmonic* crystal oscillator, L-C 
oscillator or used to buffer an external clock. The buffered, 
inverted output of this oscillator is available as Fq. 

The state machine takes microcode information from the 
Microcycle Length "L" inputs Li, L 2 and L 3 and counts the 
fundamental frequency of the internal oscillator, Fq, to create 
the clock outputs, Ci, C 2 , C 3 and C 4 . 

The clock outputs have a characteristic wave shape relation¬ 
ship for each microcycle length. For example, Ci is always 

LOW only on the last Fq clock period of a microcycle and C 4 is 
always LOW on the first. C 3 has an approximately 50% duty 
cycle, and C 2 is HIGH for all but the last two periods. 

current state register. The Microcycle Control Latch is latched 
when Ci is HIGH. This means that it will be loaded during the 
last state of each microcycle (C-j =62 = 03 = LOW, 

C 4 = HIGH). This internal latch selects one of eight possible 
microcycle lengths, F 3 to Fio- 

The state machine control logic, which determines the mode 
of operation of the state machine, is intended to be connected 
to a front panel. There are four basic modes of operation of 
the Am2925 comprised of Run, Halt, Wait and Single Step. 

SYSTEM TIMING 

In the typical computer, the time required to execute different 
instructions varies. However, the time allotted to each instruc¬ 
tion is the time that it takes to execute the longest instruction. 
The Am2925 allows the user to dynamically vary the time 
allotted for each instruction, thereby allowing the user to 
realize a higher throughput. 

The current state of the machine is contained in a register, 
part of which is the Clock Generator Register. Ci, C 2 , C 3 and 

C 4 are the outputs of this register. These outputs and the 
outputs of the Microcycle Control Latch are fed into a set of 
combinatorial logic to generate the next state. On each falling 
edge of the internal clock the next state is entered into the 

This application section will cover several aspects of the 
Am2925. The first topic to be covered is the oscillator section 
which is responsible for providing the basis of all system 
timing. Second will be how to operate the Am2925: last will be 
an example of an Am2925 in a 16-bit microprogrammed 
machine. 

*lt is understood that the terms "fundamental mode" and "3rd overtone" are generally regarded as more technically 
correct, but "1st harmonic" and "3rd harmonic" are used here because of their more generally accepted usage. 
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Am2925 


OSCILLATOR 


The Am2925 contains an inverting, linear amplifier which is 
intended to form the basis of a crystal oscillator. In designing 
this oscillator it is necessary to consider several factors 
related to the application. 

The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is consid¬ 
ered stable if it is insensitive to variations in temperature and 
supply voltage, and if it is unaffected by individual component 
changes and aging. The design of the Am2925 is such that the 
degree to which these goals are met is determined primarily by 
the choice of external components. Various types of crystals 
are available and the manufacturers' literature should be 
consulted to determine the appropriate type. For good temper¬ 
ature stability, zero temperature coefficient capacitors should 
be used (Type NPO). For extreme temperature stability, an 
oven must be used or some other form of temperature 
compensation applied. 

Absolute frequency accuracy must also be considered. The 
resonant frequency varies with load capacitance. It Is there¬ 
fore important to match the load specified by the crystal 
manufacturer for a standard crystal (usually 32pF), or to 
specify the load when ordering a special crystal. It should then 
be possible to determine from the crystal characteristics the 
load tolerance to maintain a given accuracy. If the "set-on” 
error due to load tolerance is unacceptable, a trimmer 
capacitor should be incorporated for fine adjustment. 

The mechanism by which a crystal resonates is electrome¬ 
chanical. This resonance occurs at a fundamental frequency 
( 1 st harmonic) and at all odd harmonics of this frequency 
(even harmonic resonance is not mechanically possible). 
Unless otherwise constrained crystal oscillators operate at 
their fundamental frequency. However, crystals are not gener¬ 
ally available with fundamental frequencies above 20-25MHz. 
At higher frequencies, an overtone oscillator must be used. In 
this case, the crystal is designed to oscillate efficiently at one 
of its oddr harmonic frequencies and additional components 
are included in the oscillator circuit to prevent it oscillating at 
lower harmonics. 

Where a high degree of accuracy or stability is not required, 
the amplifier may be configured as an L-C oscillator. It may 
also be driven from an external clock source if operation is 
required in synchronism with that source. 

1st Harmonic (Fundamental) Oscillator 

The circuit of a typical 1 st harmonic oscillator is shown In 
Figure 1. The crystal load is comprised of the two 68 pF 
capacitors in series. This 34pF approximates the standard 
32pF crystal load. If a closer match is required then one of the 
capacitors should be replaced with a parallel combination of a 
fixed capacitor and a trimmer. The nominal value of the 
combination should be 60pF to provide proper crystal loading. 

A typical crystal specification for use in this circuit is: 

Frequency Range: 5-20MHz 
Resonance: Parallel Mode 
Load: 32pF 

Stability: .01% or to match systems requirements 
Case: H-17—for smaller size 
Temp Range: -30 to +70®C 

Note: Frequency will change over temp 


Ain2925 



HUH 


Ct 

68pF 


C2 

68pF 


DF 000810 


Figure 1. Connections for 5-20 MHz. 


It is good practice to ground the case of the crystal to 
eliminate stray pick-up and keep all connections as short as 
possible. 


Note: At fundamental frequencies below 5MHz it is possible 
for the oscillator to operate at the 3rd harmonic. To prevent 
this a resistor should be added in series with the X 2 pin as 
shown in the circuit diagram. 


The resistor value should match the impedance of C 2 : 


R = Xc2 = 


1 

2tt f C 2 


3rd Harmonic Oscillator 

At frequencies greater than 20MHz the crystal can be operat¬ 
ed at its 3rd harmonic. A typical circuit is shown in Figure 2. 
Two additional components are included; an inductor, Li, and 
a capacitor, C 3 . The purpose of the capacitor is to block the 
d.c. path through the inductor and thereby maintain the correct 
amplifier bias. C 3 should be large (> 1 0OOpF). 

The Inductor forms a parallel tuned circuit with Ci. This circuit 
has its resonance set between the 1 st and 3rd harmonics of 
the crystal and is used to prevent the oscillator operating at 
the 1st harmonic. In the 1st harmonic oscillator (Figure 1), the 
crystal appears as an inductor and forms a rr-network with the 
two capacitors, thus providing the necessary phase shift for 
oscillation. In the 3rd harmonic oscillator, Li and Ci are 
chosen such that at the 3rd harmonic the impedance of circuit 
Is equivalent to that of the capacitor C 2 in the 1st harmonic 
oscillator (Figure 3b). Thus, the same 7 r-network is forrhed 
(Figure 3c) and oscillation is possible. At the 1 st harmonic the 
tuned circuit appears as an Inductor (Figure 3a), the 7 r-network 
is not formed and oscillation is not possible. 

The following specification is typical for a crystal to be used in 
a 3rd harmonic oscillator. 

Frequency Range: Above 20MHz 
Resonance: Parallel Mode 
Load: 32pF 

Stability: .01% or to match systems requirements 
Case: H-17 — for smaller size 
Temp Range: -30 to +70X 

Note: Frequency will change temp 

Again it is good practice to ground the crystal case and keep 
connections short. 


5-224 


03367A 

Refer to Page 13-1 for Essential Information on Military Devices 





DF 000850 

Figure 2. Connections for Frequencies above 20MHz. 




a) Fundamental Equivalent 


b) Trap impedance 



c) 3rd Harmonic Equivalent 
Figure 3. Forcing Third Harmonic Oscillation. 



5-225 


03367A 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2925 




Am2925 


Design Procedure 

(1) Assume = 82pF and C 2 = 68 pF (this gives a sensible 
inductor value). Li is calculated according to the formula: 
1151 

Li = —^ fo = Operating frefquency in MHz 

Li in /uH 


This sets the resonant frequency of the L-C com¬ 
bination at 0.52 fo- 


(2) Select the closest standard value inductor for L-|. Using this 
value calculate Ci such that the resulting crystal load at the 
3rd harmonic is 32pF. 


25330 

Ci = 60 +- 5 

Lrfo^ 


C-| in pF. 


Choose the closest standard capacitor value to this. 

Using standard values both the resonant frequency of the L-C 
circuit (fr) and the crystal load are non-optlmal. This will cause 
a slight error in the oscillating frequency. If this is not 
permissible Ci may be a fixed capacitor in parallel with a 
trimmer such that the range of adjustment inciqdes the 
calculated value for Ci. This is then set to give the desired 
frequency. In either case the approximate inductor value will 
cause the resonant frequency to the L-C circuit to change. 
This frequency, fr, may be computed and should remain 
approximately midway between the 1st and 3rd harmonic. 

fr in MHZ 
Li in juiH 
Ci in pF 


The Am2925 can be operated as an L-C tuned oscillator 
(Figure 4) and will perform as a stable oscillator within the 
restrictions of the chosen frequency determining components 
(i.e., inductor and capacitors). The circuit chosen is a classical 
TT-network with DC loop isolation. The Am2925 oscillator is a 
DC biased linear amplifier. This DC bias is necessary and 
therefore C 3 is included to block the DC path through the 
inductor. If a variable slug tuned inductor is used a moderate 
range of frequency adjustment tuneability (approximately 2 : 1 ) 
can be achieved. The range can be enhanced by switching the 
two resonant capacitors (Ci, C 2 ) to larger or smaller values. 
The specific frequency of operation can be determined by the 
formula: 

1 

f_- (where C is Ci and C 2 In series). 
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Figure 4. L-C Tuned Oscillator. 
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L-C Oscillator 


External Clock Drive 

The Am2926 can be driven from an external clock source at a 
signal level of 1.0V P-P or greater. This is accomplished by 
reducing the gain of the amplifier and AC coupling the input 
signal (Figure 5). The gain is reduced by feeding the amplifier 
output back to the input through a AJWQ. resistor. AC coupling 
is provided by a 0.01/uF capacitor. The controlled gain 
minimizes ringing caused by the fast rising edges of the driver. 
The AC coupling maintains oscillator output symmetry by 
preserving oscillator DC bias levels. 

X-| can be driven directly by TTL levels meeting the DC input 
requirements. 



Figure 5. External Clock Drive. 

Am2925 Control Inputs 

The control inputs fall into two categories, microcycle length 
control and clock control. Microcycle length control is provided 
via the ”L’’ inputs which are intended to be connected to the 
microprogram memory. The "L” inputs are used to select one 
of eight cycle lengths ranging from three oscillator cycles for 
pattern F 3 to ten oscillator cycles for pattern F^o- This 
Information Is always loaded at the end of the microcycle into 
the Microcycle Control Latch. The MiCrocycle Latch performs 
the function of a pipeline register for the microcycle length 
microcode bits. Therefore, the cycle length goes in the same 
microword as the instruction that it is associated with. 

The clock control inputs are used to synchronize the micropro- 
gra m mac h ine wit h the external world and I/O devices. Inputs 
like RUN, HALT, SSNO and SSNC, which start and stop 
execution, are meant to be connected to switches on the front 
panel of the microprogrammed machine (see Figure 6 ). These 
inputs have internal pull-up resistors and are connected to an 
R-S fli p-flop in order to provide switch debouncing. The 
FIRST/LAST input Is used to determine at wh at point of the 
microcycle the Am2925 will halt when HALT or a SINGLE 
STEP is initiated. In most applications the user wires this Input 
HIGH or LOW depending on his design. 



Figure 6. Switch Connection for RUN/HALT 
and Single Step. 
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When HALT is held low (RUN = HIGH) the state machine will 
start the halt mode on the last (Ci = LOW) or the first 
(C 4 = L OW) state of the micro cycle as determ ined by the 
FIRST/LAST input. When RUN goes low (HALT = HIGH) the 
state machine will resume the run mode. 

The WAITREQ, Cx, READY and WAITACK signals are used to 
synchronize other parts of a computer system (memory, I/O 
devices) to the CPU by dynamically stretching the microcycle. 
For example, the CPU may access a slow peripheral that 
requires the data remain on the data bus for se veral micro sec- 
onds in which case the peripheral pulls the WAITREQ line 
LOW. The Cx input lets the designer specify when the 
WAITREQ line is sampled in the microcycle. This has a direct 
impact on how much time the peripheral has to respo nd in 
order to request a wait cycle (see Figure 7). The READY line is 
used by the peripheral to signal when it is re ady to res ume 
execution of the rest of the microcycle. The WAITACK line 
goes LOW on the next oscillator cycle after the Cx input goes 
LOW and remains LOW until the second oscillator cycle after 
READY goes LOW. 

The SSNO and SSNC inputs are used to initiate the SINGLE 
STEP mode. These debounced inputs allow a single microcy¬ 
cle to occur while in the halt mode. SSNO (normally open) and 
SSNC (normally closed) are intended to be connected to a 
momentary SPDT switch. After SSNO has been low for one 
clock edge, the state machine will change to the run mode. 
The microcycle will end on the first or last sta te of the 
microcycle depending on the state of the FIRST/LAST. 

AC Timing Signai References 

Set-up and hold times In registers and latches are measured 
relative to the clock signals that drive them. In the Am2925, 
the crystal oscillator provides a free running clock signal that 
drives all the registers on the devices. This clock is provided 
for the user through the buffered output of Fq. Therefore, Fq is 
used as the reference for set-up, hold and clock to output 
times. However for the Microcontrol Latch, the set-up and hold 
times are referenced to the Ci output which is the buffered 
version of the latch enable. This reference is appropriate for 
the Microcontrol Latch because in a typical application this 
latch is considered part of the pipeline register which is also 
driven by one of the "C” outputs. 


Clock Outputs 

There are four clock outputs provided for the user which have 
different duty cycles. The user must make a decision as to 
which one best fits his purposes. For example, in a three 
address architecture, with the Am2903 (Figure 8 ), the C 3 clock 
(approximately 50% duty cycle) could be used to drive the 
clock input while C 2 (always low last two oscillator cycles) 
drives Instruction Enable. This guarantees, for microcycle 
lengths greater than four, that the internal RAM data latches of 
the Am2903 are closed and the destination address is 
multiplexed onto the B address bus before the RAM begins 
the Write cycle (Figure 9). 

16-BIT MACHINE WITH Am2925 

The block diagram in Figure 10 shows a 16-bit micropro¬ 
grammed machine which uses an Am2925 to generate system 
timing. The design decisions include oscillator frequency and 
clock pattern selections. 

Selecting the Crystal 

In order to pick the oscillator frequency, a detailed timing 
analysis of the machine must be done in order to determine 
the execution length of every operation to be performed. For 
each operation there will be several delay paths, which usually 
include the ALU and the microprogram control. 



Figure 8. Am2903 Three Address Architecture. 
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Table 1 is an example of two of these paths. PATH 1 is a path 
through the Am2910 (Figure 10) for a microprogram Condition¬ 
al Jump Subroutine. PATH 2 is a data flow path through the 
Am2903 for an Add instruction. Therefore, if the operation 
were an Add with a Conditional Jump Subroutine the maximum 
delay would be 170ns. If there were a Program Control Unit 
also, then delays through it would have to be considered. 

After the execution times all of the instruction types have been 
calculated, the oscillator frequency can be selected. It is 
desirable to minimize the difference between the most com¬ 
monly used instructions and multiples of the oscillator period. 
In this way the most efficient use can be made of the variable 
microcycle scheme. 

For example, in the hypothetical machine in Figure 10 there 
are five instruction types (most machines will have more). 
Table 2 is a table which lists each instruction type, corre¬ 
sponding execution time, and anticipated percentage of the 
typical instruction stream for each instruction. Several possible 
frequencies are shown which contain the next highest multiple 
of the corresponding oscillator period for each instruction. 
20MHz is the best choice because It comes closest to 
matching instructions A and C which compose 90% of the 
typical instruction stream. 

In this example, 20MHz was chosen. AT 20MHz there is a 
choice between fundamental or overtone crystals. Fundamen¬ 
tal frequency crystals are commonly available up to 25MHz 
and 3rd harmonic crystals are available above 17MHz. A 
fundamental crystal was selected for the example machine 
because the component count for the oscillator design Is 
lower than for the overtone design. However, if it had turned 
out that 30MHz was a better choice then overtone operation 
would be chosen since fundamental crystals above 25MHz 
are not generally available. 

Fixed Bandwidth Buses 

For those designs that require a data bus with fixed bandwidth 
and fixed time slots for each memory access, the designer 
should consider using cycle lengths which are a multiple of the 
shortest cycle length, i.e., cycle lengths 3, 6 and 9 or cycle 
lengths 4 and 8. 


The design could further require that the bus be accessed only 
during the shortest cycle length. Therefore, by using multiple 
cycle lengths it can be predicted when the CPU will access the 
bus and for how long, thereby maintaining the fixed bandwidth. 

Performance Comparison 

Estimated performance can be calculated directly from Table 
2. For a fixed microcycle machine the longest instruction 
execution time would have to be used for all instructions, 
yielding an average instruction time of 228ns. With a variable 
microcycle machine the average instruction time is the sum of 
the products for each instruction, of the percentage of the 
instruction stream and the next highest multiple. The average 
instruction for the example machine with a 20MHz crystal is: 

(0.6 X 150 + .08 X 200 + .3 + 200 + 

.01 X 200 + .01 + 250) = 170.5ns 

This represents a 25% increase in system performance 
without requiring any other system speed-ups and without 
requiring faster devices. 


Device No. 

Device Path 

Path 1 

Path 2 

Am27S27 

CP - Q 

27 

27 

Am2904 

INST - CT 

58 

- 

Am2903A 

l/AB - GP 

- 

50 

Am2910A 

CC - Y 

30 

- 

Am2902A 

GP - CN + Z 

- 

7 

Am27S27 

TS 

55 

- 

Am2903A 

CN-Z 

- 

35 

Am2904 

TSZ 

- 

17 

Total 

ns 

170 

136 


Table 1: Delay Path Totals for an Add and a 
Condition Jump Subroutine. 


Instruction 







Type 

A 

B 

C 

D 

E 

Unit 

Execution Time 

143 

180 

184 

200 

228 

ns 

Percentage of 

Instruction Stream 

60% 

8 % 

30% 

1 % 

1 % 

% 

Closest Multiple 

Oscillator Period 







20MHz P = 50 

150 (3P) 

200 (4P) 

200 (4P) 

200 (4P) 

250 (5P) 

ns 

25MHz P = 40 

160 (4P) 

200 (5P) 

200 (5P) 

200 (5P) 

240 (6P) 

ns 

30MHz P = 33 

167 (5P) 

200 (6P) 

200 (6P) 

200 (6P) 

233 (7P) 

ns 

33MHz P = 30 

150 (5P) 

180 (6P) 

210 (7P) 

210 (7P) 

240 (8P) 

ns 


Table 2. Instruction Time Anaiysis. 
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Am2925 OSCILLATOR APPLICATIONS 
EXTERNAL COMPONENT CALCULATIONS SUMMARY 


Xi X2 


=FCi C2=F 


Cl 

CLOQK o_ji 
INPUT •' 


Rl 


0.01/xF 4.7kn 

1.0Vp.p ^ V,N < Vcc 

AF001760 


1 

R = Xco =-for 1-6MHZ 

^ Tfc 2 

R = 0 for 6-20MHZ 

FUNDAMENTAL OSCILLATOR 


EXTERNAL CLOCK DRIVE 


C2 J. 

68pF ‘ 


, _ J150. „ 

•- 1 = i4.^2 


HDH 


J-C 3 
lOOOpF 


(fc )2 


1 


1. 

J-82f 



*0 


(fo » 20MHz) 

AF001740 

3rd HARMONIC OSCILLATOR 
TYPICAL EXTERNAL CONNECTIONS 

lOOOpF 



2 ffV 2 LC 
= C 2 = C 
Xc 3 <Xl 

AF001750 

L-C OSCILLATOR 


DESIGN CONSIDERATIONS 

1 . Oscillator external connections should be less than 1" long 
— wirewrap is not recommended. 

2. Vcc aod GND connections should be less than V 2 " long to 
power plane. 

3. Supply decoupling includes both high frequency and bulk 
storage elements. 

4. The same considerations apply for 3rd overtone configura¬ 
tions. 


PF001070 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150®C 

Ambient Temperature Under Bias....-55®C to +125“C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vec = min 

V|N = V|H or V|L 

Iqh = - 10 mA 

2.5 



Volts 






Iql = 4.0mA 



0.4 


VOL 

Output LOW Voltage 



WAltACK 

Iql = 8.0mA 



0.45 

Volts 

Vec = MIN 

V.M = Viu or Vii 


Iql = 1 2 mA 



0.5 





Fo 

Iql ~ 16mA 



0.5 

Volts 

V|H 

Input HIGH Level 
(Note 3) 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Note 3) 

Guaranteed inout loaioal LOW 


MIL 



0.7 

Volts 

voltage for all inputs 



COM'L 



0.8 

Vl 

Input Clamp Voltage 
(Note 3) 

Vec = min, l|N = -18mA 



-1.5 

Volts 





READY, INIT, Li, 

L2, L3 



-0.4 

mA 





WAITRECi, Xi (See Figure 11) 



- 0.8 

mA 

l|L 

Input LOW Current 

Vcc = max 

V|N = 0.4V 


SSNO, SSNC, RDN, halt 



- 1.0 

mA 



Cx 



- 1.2 

mA 





first/lasT 



-1.5 

mA 





READY, INIT, Li, 

1-2. La 



20 

mA 





WAITFlEd 



50 

mA 

l|H 

Input HIGH Current 

Vcc = max 

V|N = 2.7V 


SSNO, SSNC, RDN, halt 



-500 

ma 



Cx 



70 

ma 





first/l^ 



-750 

fA 





Xi (See Figure 11) 



500 

ma 




V|n = 5.5V 

READY, INIT, Li, 

L2. L3 



100 

mA 




8 

> 

II 

2 

> 

SSNO, SSNC, mJN, iTOT 



100 

IxA 

l| 

Input HIGH Current 

Vcc = max 

V,n = 5.5V 

WAITREQ, Cx ‘ 



1.0 

mA 




< 

2 

11 

§ 

FIRST/LA^ 



1.0 

mA 




V,n = 4.0V 

Xi (See Figure 11) 



1.0 

mA 

isc 

Output Short Circuit 

Current (Note 4) 

Vcc * max 

-30 


-85 

mA 

icc 

Power Supply Current 
(Note 5) 

Vcc = max 


85 

120 

mA 


Notes: 1. Typical values are at Vcc®5 0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Does not apply to and X 2 . 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice varies with temperature and oscillation frequency as shown in Figure 12. The parameters specified (worst case) applies to 

fo = 0, + 25"C, Ci = C 2 = C 3 = LOW, C 4 = HIGH, X^ = 2.4V, X 2 = open and Fq = LOW. The variations shown in Figure 12 apply to 
typical values. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.O^C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125^ 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

1 

fMAX1 

Fq Frequency (Cx Connected) (Note 6 ) 

Cl * 1 5pF 

Rl = 28012 

31 



MHz 

2 

fMAX2 

Fq Frequency (Cx = HIGH) 


42 


3 

tOFFSET 

Fo(^) to Cl, C 2 , C 3 . C 4 dr WAITACK (_/") 

Cl = 50pF 

Rl “ 2.0kl2 

0 

5.0 

7.5 j 

ns 

4 

tOFFSET 

Fq (-T") to Ci. C 2 , C 3 , C 4 or WAITACK (J^ ) 

3 

11.5 

16 

ns 

5 

tSKEW 

Ci (_r) to C 2 i-T) 

0 

0.5 

2 

ns 

6 

tSKEW 

c, (_r) to C 3 (_r) 

0 

0.5 

2 

ns 

7 

tSKEW 

Ci ( _i^) to C 4 (_J~) Opposite Transition 

4 

7 

10 

ns 

8 

ts 

Li. L 2 , L 3 to Ci (_J~) 

5 



ns 

9 

tH 

Li, La, L 3 to c, (JT) 

9 



ns 

10 

ts 

Cx to Fq (--T”) (Note 7) 

20 

17 


ns 

11 

tH 

Cx to Fq (-J”) (Note 7) 

0 

-10 


ns 

12 

ts 

WAltREQ to Fo ( -T ) (Note 8 ) 

20 

17 


ns 

13 

tH 

WAITREQ to Fo ( -J~) (Note 8 ) 

0 

-10 


ns 

14 

ts 

REAbY to Fo () (Note 8 ) 

20 

17 


ns 

15 

tH 

READY to Fo ( J“) (Note 8 ) 

0 

-10 


ns 

16 

ts 

RUFJ, halt (^ ) to Fo (-J“) (Notes 8 , 9) 

20 

14 


ns 

17 

ts 

SSNC, SSNO to Fo (-i”) (Notes 8 , 9) 

20 

14 


ns 

18 

ts 

FIRST/L^ to Fo (J”) (Note 10) 

25 

17 


ns 

1 19 

ts 

INiT iJ ~) to Fo iJ ~) (Note 8 ) 

30 



ns 

20 

tPWL 

INiT LOW Pulse Width 

15 

10 


ns 

li , 21 

tPLH 

INIT to WAITACK 


16 

23 

ns 

22 

tPLH 

Propagation Delay (Note 11) 

Xi to Fo 

Cl= 15pF 

Rl = 280S2 


13 

16 

ns 

23 

tPHL 


14 

17 

ns 


Notes: 6 . The frequency guarantees apply with Cx connected to Ci, C 2 . C 3 , C 4 or HIGH. The Cx input load must be considered part of the 
50pF/2.0k^2 clock output loading 

7. These set-up and hold times apply to the Fq LOW-to-HIGH transition of the period in which Cx goes LOW 

8 . These inputs are synchronized internally. Failure to meet ts may cause a 1/Fo delay but will not cause incorrect operation. 

9. These inputs are "debounced" by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 

10. FIRST/LAST normally wired HIGH or LOW. 

11. Reference point of T offset has been moved forward which has increased T offsets. 


1.0 


0.8 


0.6 


0.4 


0.2 

< 


J 0 


-0.2 


-0.4 


- 0.6 


- 0.8 

V,N - VOLTS 

PF001080 

Xi is not a TTL input. It is a crystal connection to an inverting linear oscillator amplifier, and is specified primarily for test 
convenience. 

Figure 11. Am2925 Xi Input Characteristics (Typical, Vcc = 5.0V). 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test 

Conditions 

COMMERCIAL 

MILITARY 

Units 

Am2925 

Am2925 

Min 

Max 

Min 

Max 

1 

^MAXI 

Fq Frequency (Cx Connected) (Note 6 ) 

Cl = 15pF 

Rl = 28012 

31 


31 


MHz 

2 

^MAX2 

Fq Frequency (Cx = HIGH) 





3 

tOFFSET 

Fo(_r) to Ci, C 2 , C 3 , C 4 or WAITAGK (JT ) 

Cl = 50pF 

Rl = 2 . 0 kl 2 


8.5 


8.5 

ns 

4 

tOFFSET 

Fq i-T ) to Cl, C 2 , C 3 , C 4 or WAITACK (_F) 


17.0 


18.0 

ns 

5 

tSKEW 

Ci (J~) to C 2 (_r ) 


2 


2 

ns 

6 

tSKEW 

Cl (-T) to C 3 (_r) 


2 


2 

ns 

7 

tSKEW 

Ci (_r") to C 4 (—T") Opposite Transition 


11 


11 

ns 

8 

ts 

Li, L 2 , L 3 to Cl (_J~) 

6 


7 


ns 

9 

tH 

Li. L 2 , L 3 to C) (_i~) 

11 


11 


ns 

10 

ts 

Cx to Fo (_r) (Note 7) 

25 


25 


ns 

11 

tH 

Cx to Fo (_r ) (Note 7) 

0 


0 


ns 

12 

ts 

WAITREQ to Fo ( S~ ) (Note 8 ) 

25 


25 


ns 

13 

tH 

WAITREQ to Fo ( -T ) (Note 8 ) 

0 


0 


ns 

14 

ts 

READY to Fo ( _r ) (Note 8 ) 

25 


25 


ns 

15 

tH 

READY to Fo (_i“) (Note 8 ) 

0 


0 


ns 

16 

ts 

RDN, HTOT ( ) to Fo ( -T) (Notes 8 , 9) 

25 


25 


ns 

17 

ts 

SSNC, SSNO to Fo ( -T ) (Notes 8 , 9) 

25 


25 


ns 

18 

ts 

FIRST/L^ to Fo (_F) (Note 10) 

30 


35 


ns 

19 

ts 

INlT () to Fo ( -i” ) (Note 8 ) 

33 


35 


ns 

20 

tpWL 

iNiT LOW Pulse Width 

20 


25 


ns 

21 

tPLH 

INIT to WAITACK 


25 


27 

ns 

22 

tPLH 

Propagation Delay (Note 11) 

Xi to Fo 

Cl = 15pF 

Rl = 28012 


23 


26 

ns 

23 

tpHL 


21 


23 

ns 


Notes: 6 . The frequency guarantees apply with Cx connected to Ci, C 2 , C 3 , C 4 or HIGH. The Cx input load must be considered part of the 
50pF/2.0kf2 clock output loading 

7. These set-up and hold times apply to the Fq LOW-to-HIGH transition of the period in which Cx goes LOW 

8 . These inputs are synchronized internally. Failure to meet ts may cause a 1/Fo delay but will not cause incorrect operation. 

9. These inputs are "debounced" by an internal R-S flip-flop and are intended to be connected to manual break-before-make switches. 

10. FIRST/LAST normally wired HIGH or LOW. 

11. Reference point of T offset has been moved fonward which has increased T offsets. 



PF001090 


Figure 12. Am2925 Ice Normalized vs Frequency (Vec = 5.5V). 
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Am2927/Am2928 


Am2927/Am2928 

Quad Three-State Bus Transceivers With Clock Enable 


DISTINCTIVE CHARACTERISTICS 


Three-state bus driver outputs can sink 48mA, and 
Three-state receiver outputs sink 24mA — both at 0.5V 
max. 

D-type register on drivers 

Latch output on Am2927; Registered output on Am2928 


• Output data to input wrap around gating; Input register 
to output transfer gating with or without driving data bus 

• Clock enabled registers 

• 3.0V minimum Vqh direct interface to MOS micro¬ 
processors 


GENERAL DESCRIPTION 


The Am2927 and Am2928 are high-performance, low- 
power Schottky, quad bus transceivers intended for use in 
bipolar or MOS microprocessor system applications. 

Both devices feature register enable lines which function as 
clock enables without introducing gate delay in the clock 
inputs. The four transceivers share common enables, 
clock, select and three-state control lines. 

The Am2927 consists of four D-type edge-triggered flip- 
flops. Each flip-flop output is connected to a three-state 
data bus driver and separately to the input of a correspond¬ 
ing receiver latch input. The receiver latch can select input 
from the driver or the data bus. The select line determines 
the source of Input data for the bus driver choosing 
between input data or data recirculated from the receiver 
output. The receiver output also has a three-state output 
buffer. 

The co mbinat ion of the select input, S, th e driv er input 
enable, ENDR, and the receiver latch enable, RLE, provide 
seven different data path operating modes not available in 


other transceivers. For example, transmitted data can be 
stored in the receiver for subsequent retransmission. Also, 
received data can be output to the system and simulta¬ 
neously fed back to the driver input. 

The Am2928 is similar to the Am2927, but with a D-type 
edge-trig gered r egister in the receiver and a receiver 
enable, ENREC, which functions as a common clock 
enable. 

Data from each D input is inverted at the bus output. 
Likewise, data at the bus input is inverted at the receiver 
output. 

All three-state controls and enable lines are active low (the 
Am2927 receiver latch is transparent when RLE is LOW). 
The select input, S, determines whether the enabled driver 
input accepts data from the data input, D, or from the 
corresponding receiver output, Y. Similarly, the select line 
determines whether the receiver accepts input data from 
the data bus, or the driver output. 


BLOCK DIAGRAM 


Am2927 


Am2928 



BD002610 


BD002600 


01032B 
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CONNECTION DIAGRAM 
Top View 


« Z luj lo 



VccENOfiOE Y3 D3BUS3Y2 DjiO^BE 

^ n n n n n n n n n 

20 19 18 17 16 15 14 13 12 11 I 


1 23456789 10 I 

TJ'IJU UJJU UJJU U 

8 'RLE Yq Do BUSq Y, D, BUS, CP QND 

CD004831 


Note: Pin 1 is marked for orientation 
*ENREC for Am2928 

LOGIC SYMBOL 



m ^ ^ ^ 


METALLIZATION AND PAD LAYOUT 

Am2927* 











ENREC for Am2928 








DIE SIZE 0.087" X 0.144" 

NOTE: The Am2928 is similar to the 
Am2927, but with a D-type edge-triggered 
register in the receiver and a receiver en¬ 
able, ENREC, which functions as a common 
clock enable. 
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Am2927/Am2928 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (If applicable), package type, operating range and screening option (if desired). 


Am2927/2928 


D C B 

I—-Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55®C to +125X) 

— Package 

D-20-pin CERDIP 

L-28-pin leadless chip carrier 

X- Dice 


Valid Combinations 

Am2927 

Am2928 

DC, DM 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Device type 

Quad 3-state Bus Transceivers 
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PIN DESCRIPTION 


9 

CP 

11 

BE 

5, 8 , 

12, 15 

BD§o. 

BD§i, 

BUS 2 , 

BU §3 

4, 7, 

13, 16 

Do. Di, 
□ 2 , D 3 

3, 6 , 

14, 17 

Yo. Yi, 
Y2. Y 3 , 

1 

S 

18 

OE 

19 

ENDR 

2 

RLE 

2 

ENREC 


I/O Description 

I Clock Pulse to internal registers enters data on the LOW-to-HIGH transition. 

I Bus Enable. When Bus Enable is LOW the four drivers drive the BUS outputs. 

I/O The four driver outputs and receiver inputs. 


The four driver data inputs inverting from D to BUS. 

The four receiver data outputs inverting from BUS to Y. 

Select input controls data path modes In conjunction with ENDR and RLE (or ENREC). 

Output Enable. When Output Enable is LOW the four receiver outputs Y are active. 

Driver Enable. Common clock enable for the input register. Allows the data on the D inputs to be loaded 
into the driver register on the clock LOW-to-High transition. 

Receiver Latch Enable (Am2927 only). When Receiver Latch Enable is LOW, the four receiver latches are 
transparent.The latches hold received data when RLE is HIGH. 

Receiver Enable (Am2928 only). Common clock enable for the receiver register. Allows the BUS driver or 
previous receiver data to enter the receiver register on the rising edge of the clock. 


Am2927 FUNCTION TABLES 


Driver Register Control 


Receiver Latch Control 





Am2928 FUNCTION TABLES 


Driver Register Control 


Receiver Register Control 


ENDR 

S 

Driver Register 

H 

X 

Hold Previous Data 

L 

L 

Load from D input 

L 

H 

Load from Receiver Register 


ENDR 

S 

ENREC 

X 

X 

H 

H 

H 

L 

X 

L 

L 

L 

X 

L 


Receiver Output 

Hold Previous Data 
Load from Driver Register 

Load from BUS 
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Am2927/Am2928 


Am2927 AND Am2928 FUNCTION TABLE 


Driver Input 

From 

Receiver Input 
From 

Control Input Condition 

Signal Flow 

BE 

S 

ENDR 

* 

D 

Input 

BUS 

L 


. L 


H 

(No Load) 

L 

IB 

H 


L 

Receiver 

BUS 

H 


L 


H 

(No Load) 

H 

Bl 

H 


L 

(No Load) 

BUS 

L 

■■ 

L 



Driver 

H 


L 


X 

(No Load) 

X 

H 



L 


*RLE for Am2917 (asynchronous) or ENREC for Am2928 ( _i”). 


APPLICATION 



AF001800 

The Am2927 and Am2928 can be used to provide Data Bus, Address Bus and Control Bus Interface in a 
high-speed bipolar microprocessor system. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Ambient Temperature Under Bias.-55X to +125“C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Output Current, Into Bus.100mA 

DC Output Current, Into Outputs 

(Except Bus).30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Receiver Output HIGH 

Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, loH = -“2.0mA 

2.4 

3.4 


Volts 

COM'L, loH = -6.5mA 

2.4 

3.4 


Vcc = 5.0V 

t 

o 

o 

1 

It 

X 

O 

3.0 - 



VOL 

Output LOW Voltage 

Vcc = min 

V|N = V|L or V|H 

Iql == 24mA 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical 

HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical 

LOW voltage for ail inputs 

'MIL, 



0.8 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc l||mA 



-1.2 

Volts 

i|L 

Input LOW Current 

;ncc “ max, 

s, endr 



-2.8 

mA 

All Other inputs 



-1.4 

l|H 

Input HIGH Current 

Vcc = max, 

V|N = 2.7V 

S, ENDR 



100 

mA 

All other inputs 



50 

l| 

lnp(it>^|GH CiAnt 

Vcc = max, V|n = 6.5V 



1.0 

mA 

lOZH 

Off-SMfe Output Current 
(Receiver Output) 

Vcc = max 

Vo = 2.4V 



100 

juA 

•OZL 

Vo = 0.5V 



-50 

isc 

Output Short Circuit Current 

Vcc = max 

Receiver 

-40 


-100 

mA 

icc 

Power Supply Current 

Vcc = max 

Am2927 


150 

185 

mA 

Am2928 


153 

190 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

2 . Typical limits are at Vcc * 5.0V, 25®C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. This parameter is typical of device characterization data and is not tested in production. 


type. 
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Am2927/Am2928 


BUS INPUT/OUTPUT CHARACTERISTICS over operating temperature range 


Parameters 

Description 

Test Conditions (Note 1) 

Min 



e 

VOL 

Bus Output LOW Voltage 

Vcc = min 




0.4 

Volts 

|icfc^ 'v:' ^ ' 



0.5 

VOH 

Bus Output HIGH Voltage 



HOI 





2.4 



V|H 

Receiver Input HIGH ^jfi^dld 

Bus Enable-24V 




BSBI 

V|L 

Receiver Input LOW Threshold 

. Bus Er^e * 2.4V 



0.8 

ISSi 

•off 

Bus.Leali|e Cu^|nt ^^er Off) 

OV, Vo = 4.5V 



||[QQ| 

/uA 1 

lOZL ' 

CD 

g 

! 

Vcc “MAX 

Vo “ 0.4V 



-1.4 


lOZH 

^IHf^inpe^nce) 

BUS Enable = 2.4V 

Vo = 2.5V 



100 

MA 

isc 

^Is Output Short Circuit Current 

Vcc “ max, Vo * OV 

-50 


-255 

mA 

cs 

Capacitance (Note 4) 

II 


8 


PF 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2 . Typical limits are at Vcc = 5.0V, 25‘’C ambient and maximum loading, 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. This parameter is typical of device characterization data and is not tested in production. 
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SWITCHING TEST CIRCUIT 


TEST 



Note: For standard totem-pole outputs, remove Ri; Si and S 2 closed. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2927 


Parameters 

Description 

Test Conditions 

(Note 2) 


MiLiTARY 

Units 

Am2927 

Am2927 




Min 

Typ 

Max 

tPLH 

Driver Clock, CP, to BUS 

Cl (BUS) = 50pF 
Rl(BUS) = 130a 


Si 

10^ 


18 

23 

ns 

tpHL 


■a 

1^1 


1 |,l 

23 

tZH • fZL 

Bus Enable, BE, to BUS 


MM 

infill 


14 

23 

ns 

tHZ • tLZ 

RL=130a Cl = 5pF 


Mm 

EH 


12 

16/23 

tpw 

Min Clock Pulse Width (HIGH or LOW) 





15 



ns 

tpLH 

BDS to Receiver Output (Latch Enabled) 

Cl = 5qpF 

RL = 270n 





" 16 

20 

ns 

tPHL 



23 


16 

20 

tPLH 

Latch Enable, RLE, to Receiver Output 



26 


18 

23 

ns 

tpHL 



26 


18 

23 

tZH • tZL 

Output Enable, OE, to Receiver Output 



23 



21 

ns 

tHZ • tLZ 

Cl=^f!W|l = 270n 



21 


14 

18 

ts 

Driver Enable, SsOr, to Clock 


10 



9 



ns 

th 

3 



3 



ts 

Sei^t S, to Clock = HIGH) 

18 



15 



ns 

th 

3 



2 



tpLH 

Select S, to Receiver Output 

II II 



26 



23 

ns 

tPHL 



35 



30 

ts 

Data Inputs D, to Clock 


9 



7 



ns 

th 

5 



4 



ts 

BUS to Latch Enable, RLE 

11 



10 



ns 

th 

4 



3 




Notes: 1. Typical limits are at Vcc = 5 0V, 25‘’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2927/Am2928 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2928 


Parameters 

Description 

Test Conditions 

(Note 2) 

COMMERCiAL 

MiLiTARY 

Units 

Am2928 

Am2928 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

tPLH 

Driver Clock, CP, to BUS 

Cl (BUS) = 50pF 

Rl(BUS) = ^3oa 


18 

23 



26 

ns 

fPHL 


18 

23 



26 

tZH • tZL 

Bus Enable, BE, to BUS 


14 

23 



26 

ns 

tHZ • tLZ 

Rl = 13012, Cl = 5pF 


12 




18/30 

tPLH 

Clock, CP, to Receiver Output 

CL = 50pF 

fiL*«a7oa' 


18 

r, "'23'"- 



26 

ns 

tPHL 


i8 ^ 

r 23 



26 

tpw 

Min Clock Pulse Width (HIGH or LOW) 

15 



18 



ns 

tZH • tZL 

Output Enable, OE, to Receiver Output 


14 

21 



23 

ns 

tHZ • tLZ 

Cl = 5pP,Rl = 27012 


21 

18 



26 

ts 

■■■_■/■■ -d 

Driver Enable, eF| 0R, to Clock 


9 



10 



ns 

th 

3 



3 



ts 

BiB to Clock (Receiver Register) 

7 



8 



ns 

th 

4 



5 



ts 

lid 

8 



10 



ns 

th 

necGivsr cnaoiG, tiNMnto, lo uiock 

4 



5 



ts 

S to Clock 

IQ 



12 



ns 

th 

4 



5 



ts 

Data Inputs, D, to Clock 
(Driver Register) 

7 



9 



ns 

th 

4 



' 5 




Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 
type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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Am2930 

Program Control Unit 


DISTINCTIVE CHARACTERISTICS 


Powerful, 4-bit slice address controller for memories 

Useful with both main memory and microprogram mem¬ 
ory 

Expandable to generate any address length 
Executes 32 instructions 
Capable of executing branch and subroutine call 
and return 

Twelve different relative address instructions 

Including JUMP-TO-SUBROUTINE relative and RE- 
TURN-FROM-SUBROUTINE relative 


• Built-in condition code input 

Sixteen instructions are dependent on external con¬ 
dition control 

• Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses 
nested up to 17 levels deep 

• Separate incrementer for program counter 

A relative address may be computed and PC may 
be incremented by one on a single cycle 


GENERAL DESCRIPTION 


The Am2930 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2930's may be interconnected to 
generate a 16-bit address (64K words). The Am2930 
contains a program counter, a subroutine stack, an auxiliary 
register, and a full adder for computing relative addresses. 

The Am2930 performs five types of instructions. These are: 
1) Unconditional Fetch; 2) Conditional Jump; 3) Conditional 
Jump-to-Subroutine; 4) Conditional Return-from-Subrou- 
tine; and 5) Miscellaneous Instructions. 


There are four sources of data for the adder which 
generates the Address outputs (Y 0 -Y 3 ). These are: 1) the 
Program Counter (PC); 2) the Stack (S); 3) the auxiliary 
Register (R); and 4) the Direct inputs (D). Under control of 
the Instruction inputs (lo-i 4 ), the multiplexers at the adder 
inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
instruction lines also control the updating of the program 
counter and the auxiliary register. A condition code input is 
provided for conditional instructions. 


BLOCK DIAGRAM 



V CP Vcc GNO 


BD002460 


03642B 
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Am2930 


CONNECTION DIAGRAM 
Top View 


D-28 

F-28* 


Chip-Pak™ 

L-28-1 



S i' jr 



*F-28 pin configuration identical to D-28. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 

27 26 25 24 20 19 18 17 


METALLIZATION AND PAD LAYOUT 




Cn.4 GND 

DIE SIZE: 0.133" X 0.200" 

Pad numbers correspond to DIP pinout 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2930 


C B 

Valid Combinations 

'—Screening Option 

Blank - Standard processing 

B - Burn-in 

Am2930 

DC, DCB, DMB 
FMB 

LC, LMB 

XC, XM 

— Temperature (See Operating Range) 

C - Commercial (0°C to + 70®C) 



M - Military (-55®C to +125X) 
- Package 
D- 28-pin CERDIP 
F-28-pin flatpak 
L-28-pln leadless chip carrier 
X - Dice 


Device type 
Program Control Unit 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


>0-4 


The five Instruction control lines to the Am2930, used to establish data paths and enable internal registers. 

22 

iEN 

1 

The Instruction Enable Input, used to enable and disable internal registers. When IEN is LOW, all internal 
registers are under control of the Instruction inputs. When IEN is HIGH, all internal registers except R are 
inhibited from changing state. R is controlled by the RE input. The IEN input does not affect the combinatorial 
data paths and the outputs established by the Instruction inputs. 

23 


I 

The Condition Code input determines whether or not a conditional instruction (Instructions 16-31) is performed. 

If CC is LOW, the conditional instruction is executed. If CC is HIGH, Fetch PC (Instruction 1) is executed. The 
CC input may be either HIGH or LOW for unconditional instructions (Instructions 0-15). 

21 


1 

The Register Enable input for the Auxiliary Register (R), A LOW on RE causes ^Auxiliary Register (R) to be 
loaded from the D inputs unless Instruction 8 or 9 is being executed and IEN is LOW. 

7 

Cn 

1 

The carry-in to the Full Adder. 

13 

Cn + 4 

0 

The carry-out of the Full Adder. 

16,12 

P, G 

0 

The carry generate and propagate outputs of the Full Adder. 

4 

Ci 

1 

The carry-in to the program counter incrementer. 

6 

Cj + 4 

0 

The carry-out of the program counter incrementer. 


Yo-3 

0 

The four address outputs of the Am2930. These are three-state output lines. When enabled, they display the 
outputs of the Full Adder. 

5 

OE 

1 

Output Enable. When ^ Is HIGH, the Y outputs are OFF (high-impedance); when i^E is LOW, the Y outputs 
are active (HIGH or LOW). 


Do-3 

1 

The four Direct inputs which are used as inputs to the Auxiliary Register, the RAM, and the Full Adder, under 
instruction control. 

3 

Empty 

0 

The Empty output is LOW when the Stack is empty. 

2 

Fuii 

0 

The Full output is LOW when the LIFO stack is full-during and after the 17th push operation. 

15 

CP 

1 

The clock input to the Am2930. All internal registers (R, SP, PC) and the RAM are updated on the LOW-to- 
HIGH transition of the clock input. 


Am2930 









Am2930 


ARCHITECTURE OF THE Am2930 

The Am2930 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable, four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of 
the following: 

1. A full adder with input multiplexers 

2. A Program Counter Register with an incrementer and 
an input multiplexer 

3. A 17x4 Last-In, First-Out (LIFO) stack consisting of 
an input multiplexer, a 17x4 RAM, and a Stack 
Pointer 

4. An auxiliary register with an input multiplexer 

5. An instruction decoder 

6. Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in 
detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition and provision is made for further 
lookahead _by Including both carry propagate (P) and carry 
generate (G) outputs. In slower systems, the carry output 
(Cn + 4) can be connected to the next higher Cp to provide 
ripple block arithmetic. The carry input to the adder (Cp) is 
internally inhibited during those instructions which do not 
require an addition to be performed. For these instructions, the 
data is passed directly through the adder, independent of the 
state of Cp. 

The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro¬ 
priate adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceded by an 
Incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj + 4) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the Incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Q. 
Therefore, it is possible to control the entire cascaded 
incrementer from the Cj Input of the least significant device; a 
LOW on the Cj input of the least significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be Increment¬ 
ed before they are loaded into PC. During three instructions 
(unconditional Hold and conditional Hold and Suspend when 
the CC input is LOW), the Cj input is internally inhibited; 
therefore, data is passed from the multiplexer output to the PC 
without incrementing. The multiplexer selects the input to the 
incrementer from either PC or the output of the Full Adder, 
depending upon the instruction being executed. During the 
Jump, Jump-to-Subroutine, and Return instructions, the multi¬ 
plexer chooses the Full Adder outputs as the input to the 
incrementer if the CC input Is LOW. The Full Adder output is 


also selected for the Reset instruction. For ail other instruc¬ 
tions, the PC is selected as the input to the incrementer. 

17x4 UFO Stack 

The 17x4 LIFO stack consists of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SP) which address the words In the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack), The Top of the Stack (S) is available at the 
output of the RAM. 

Data Is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP-i-1. The SP is increment¬ 
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not 
changed, but the SP is decremented at the end of the cycle so 
that it then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is Internally 
prevented from Incrementing when the stack Is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Empty output (EMPTY) is LOW when the 
stack Is empty (after the Reset instruction and after the last 
word h as bee n Popped from the stack); the active LOW Full 
output (FULL) Is LOW either when the stack is full or when the 
current Instruction being executed will fill the stack (during and 
after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
Inputs (D) or the output of the Full Adder. It Is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Register 
Enable input (RE) is LOW or if the Instruction Inputs call for it 
to be loaded. When RE is LOW, R is loaded from the D inputs 
unless the Instruction dictates that R be loaded from the 
output of the Full Adder. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 

For unconditional instructions, the CC Input is not utilized; it 
may be either HIGH or LOW. For conditional Instructions, if CC 
Is LOW, the condition is met and the conditional operation is 
performed; if CC is HIGH, a Fetch PC is performed. 

Output Buffers 

The Address outputs (Y0-Y3) are three-state drivers which 
may be disabled either under Instruction control or by a HIGH 
on the Output Enable input (DE), Disabling the Y outputs does 
not affect the execution of Instructions inside the Am2930. 

Instruction Enable 

When HIGH, the Instruction Enable input (lEN) forces PC and 
SP into the hold mode and disables the write circuitry to the 
RAM. The auxiliary register (R) is under control of the Be input 
when lEN is HIGH, Independent of the state of the Instruction 
inputs. The lEN input does not affect the combinatorial data 
paths or Y outputs in the Am2930. The data paths are 
selected by the Instruction and pC inputs and are not affected 
by lEN. 
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Am2930 INSTRUCTION SET 

The Am2930 Instruction set can be divided into five types of 
instructions. These are: 

• Unconditional Fetches 

• Conditional Jumps 

• Conditional Jumps-to-Subroutine 

• Conditional Returns-from-Subroutine 

• Miscellaneous Instructions 

The following paragraphs describe each of these types in 
detail. 

Unconditional Fetches 

As can be seen from Table 1, there are nine unconditional 
Fetch instructions (Instructions 1-9). Under control of the 
Instruction inputs, the desired value is placed at the Y outputs. 
For all Fetch instructions, PC is incremented if Cj of the least 
significant device is HIGH. For Instructions 1 through 7, the 
auxiliary register is under control of the RE input. For Instruc¬ 
tions 8 and 9, R is loaded with PC and R + D, respectively. The 
RAM and Stack Pointer are not changed during a Fetch 
instruction. 

Conditional Jumps 

There are six conditional Jump instructions (Instructions 16 
through 21). Under control of the Instruction inputs, the 
desired value is placed at the Y outputs. Additionally, the value 
is incremented if Q of the least significant device is HIGH and 
loaded into PC. During these instructions, R is controlled by 
We. The RAM and Stack Pointer are not changed during these 
instructions. The above operations are performed if the CC 
input is LOW; if CC is HIGH, a Fetch PC operation is 
performed. 

Conditional Jumps-to-Subroutine 

There are six conditional Jump-to-Subroutine instructions 
(Instructions 22 through 27). Under control of the Instruction 
inputs, the desired value is placed on the Y outputs. On the 
rising edge of the clock the value is incremented* and loaded 
into PC; PC is loaded into the RAM at location SP + 1, and SP 
is incremented. 

As with Conditional Jump Instructions, R is controlled by RE 
and whether the Jump-to-Subroutin^or Fetch PC is performed 
depends upon the state of the CC Input. 

Conditional Returns-from-Subroutine 

There are two conditional Return-from-Subroutine instructions 
(Instructions 28 and 29). Under control of the instruction 
inputs, either S or S + D is placed at the Y outputs. Additional¬ 
ly, the selected value is incremented* and loaded into PC and 
SP is decremented at the end of the cycle (on the rising edge 
of the clock). 


*lf Cj of the least significant device is HIGH. 


As with the Condition Jump and Jump-to-Subroutine Instruc¬ 
tions, R is controlled by RE and whether the Return-from- 
Subroutine or Fetch PC is performed depends upon the state 
of the CC input. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
Individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Cj input of the least 
significant device, and resets SP. The RAM is unchanged and 
R is controlled by RE. 

Load R (Instruction 10) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon Cj of the least 
significant device. The SP and RAM are not changed. 

Push PC (Instruction 11) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 12) 

This instruction is the same as Fetch PC except that D is 
loaded into the RAM and SP is incremented at the end of the 
cycle; I.e., external data is Pushed onto the stack. 

Pop S (Instruction 13) 

This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
Incremented if the Cj input of the least significant device is 
HIGH. R is controlled by RE. 

Pop PC (Instruction 14) 

This instruction is the same as Fetch PC except SP is 
decremented at the end of the cycle, causing the data at the 
top of the stack to be lost. 

Hold (Instruction 15) 

This instruction places PC at the Y outputs and inl^its any 
change in PC, SP, and RAM. R is controlled by RE. 

Conditional Hold (Instruction 30) 

This instruction is the same as Hold except ^ must be LOW. 
If ^ is HIGH, the Fetch PC instruction is performed. 

Suspend (Instruction 31) 

The Suspend instruction is the same as the Conditional Hold 
Instruction except the Y outputs are forced into the high- 
impedance state if ^ is LOW. 
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PC - Program Counter 
R - Auxiliary Register 


- Stack Pointer 
• Direct Inputs 


- Stack Top 


Notes: 1. When lEN is HIGH, the Y 0 -Y 3 outputs contain the same data as when lEN is LOW, i 

2. Z = High impedance state (outputs "OFF”). 

3. - = No change. 


I determined by Iq-U and CC. 


APPLICATIONS 

The Am2930 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2930 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8 -bit Registers), and the output of the 
Am2901's via a 16-bit register. 

The Address outputs (Y) of the Am2930 are loaded into a 16- 
bit Memory Address Register (MAR). Although the MAR is 
shown as part of the CPU, in some applications it may be part 
of the memory. 

An Am2902 High-Speed Lookahead Carry Generator is uti¬ 
lized to provide high-speed relative and indexed addressing, in 


slower systems, the Cn + 4 output can be wired to the next 
higher Cn input to provide rippie block arithmetic. 

The Condition Code input (CC) is derived from the same 
condition code multiplexer which generates the condition code 
input for the microprogram sequencer. 

The control inputs of the Am2930 (Iq - 4 , HEN, RE, OE, and Cj 
and Cn of the least significant device) are shown originating at 
the Pipeline Register. Although it Is not shown In Figure 1, it is 
possible to share the Pipeline Register outputs which go to 
these pins with another device. This can be accomplished if 
both the Am2930 and the other device do not operate on the 
same microcycle. Forcing the lEN input HIGH inhibits any 
changes in the Am2930 internal registers, independent of the 
state of these seven inputs. This allows the Am2930 to be 
placed in a hold mode while the other device Is using the same 
Pipeline Register outputs as control signals. 
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Am2930 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to + 150®C 

(Ambient) Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous....-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. .-0.5V to +Vcc friax 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.....-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature... .;0®C to +70®C 

Supply Voltage.........+4.75V to + 5.25V 

Military (M) Devices 

Temperature... ..-55°C to +125®C 

Supply Voltage.....-.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description 


Output HIGH Voltage 


Output LOW Voltage 


Input HIGH Level (Note 4) 
Input LOW Level (Note 4) 
Input Clamp Voltage 


Input LOW Current 


Input HIGH Current 

Input HIGH Current 

Output Short Circuit 
Current (Note 3) 

Output OFF Current 


Test Conditions (Note 2) 


Vcc = min, 

V|N = V|L or V|H 


Vcc == min 

V|N = V|L or V|H 


Yo. Yi, Y2. Yg 

Cn + 4 
Ci + 4 


Yo, Yi, Y2. Yg 
G, Cn + 4 Cj + 4 


Vcc = min, l|N=-18mA 


Vcp = MAX, 
OE = 2.4V 


Power Supply Current (Note 5) Vcc “ MAX 


•oH = -1 ^mA 

Iql 20mA 
(COM'L) _ 

Iql = 16mA (MIL) 

Iol~ 18 't^a 

Iql = 12mA 


Vcc = max, V|n = 0.5V t 


l0-4.^, lEN, 
CP, OE 


CC_ 

Q_ 

_ 

Do -3 _ 

l0-4. Jf. ra. 


= MAX, V|N = 2.7V 


Vcc = max, V|n = 5.5V 

Vcc = max 


VqUT - 0 5V 
VqUT = 2.4V 
Tc = -55 to + U 
Tc = -H25°C 
Ta = 0 to 70°C 
Ta = 70“C 


0.5 


0.5 


0.5 

Volts 

0.5 



Volts 

0.8 

Volts 

-1.5 

Volts 

-.360 


-.702 


-.657 

mA 

-2.31 


-3.25 


20 


40 

1 f A 

50 

PA 

90 


250 


1.0 

mA 

-85 

mA 

-50 


50 

mA 

239 


170 


220 

mA 

185 



Notes: 1. Typical limits are i 


= 5,0V, 25®C ambient and maximum loading. 


For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 1 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 
Minimum Ice is at maximum temperature. 
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SWITCHING TEST CIRCUIT 


A. THREE STATE OUTPUTS 


B. NORMAL OUTPUTS 




5.0-Vbe-Vql 
' Iol + Vol/ik 


lOH 

5.0-Vbe-Vql 
IOL+ V0L/R2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. CL-5.0pF for output disable tests. 

TEST OUTPUT LOADS FOR Am2930 


2 

FULL 

3 

EMPTY 

6 

Ci 4 

8-11 

Vo-3 

12 

G 

13 

Cn + 4 

16 

P 


Ri 

R2 

300 

2K 

300 

2K 

240 

1.5K 

240 

IK 

240 

1.5K 

240 

1.5K 

300 

2K 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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Am2930 


Am2930 SWrTCHrNG CHARACTERISTICS 


Tables A, B, C and D define the timing characteristics of the Am2930. Measurements are made at 1 . 6 V with V|l = 0V and 
V|H = 3.0V. For three-state disable tests, Cl = 5.0pF and measurement is to 0.5V change on output voltage level. 


I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE 

Vcc = 4.75 to 5.25V, Ta = 0 to 70X 


TABLE lA 

Clock Characteristics. 


Minimum Clock LOW Time 

31ns 

Minimum Clock HIGH Time 

33ns 


TABLE IB 

Output Enable/Disable Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

OE 

Y 

27 

26 

nc 

(Note 1 ) 

Y 

55 

37 

>4-0 
(Note 1) 

Y 

80 

55 


Note 1 : "Suspend" instruction. 


TABLE 1C 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


TABLE ID 

Set-up and Hold Times. All in ns. 
All relative to clock 
LOW-to-HIGH transition. 


Input 

.CP: ; 


Set-up 

Time 

Hold 

Time 

U-o 

114 

0 

cc 

75 

0 

Ten 

55 

0 

Cn 

43 

0 

Ci 

32 

5 

D(RE = L 

14.0 = 0-8 or 10-15) 

25 

2 


24 

4 



To Output 

From 

Input 

Y 

G, P 

Cfi + 4 

Cj + 4 

l4 = L 

C| + 4 
l4 = H 

Fuii 


Empty 

I 4-0 

81 

67 

77 

80 

91 

69 

- 

CS 

63 

45 

55 

- 

72 

42 

- 

Cp 

32 

- 

25 

- 

45 

- 

- 

Ci 

- 

- 

- 

22 

22 

- 

- 

CP 

69 

53 

61 

43 

78 

55 

55 

D 

49 

33 

40 

- 

59 

- 

- 

lEN 

- 

- 

- 

- 

- 

40 

- 
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II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE 

Vcc = 4.5 to 5.5V, Tc = -55 to +125^0 


TABLE IIA 

Clock Characteristics. 


Minimum Clock LOW Time 

35ns 

Minimum Clock HIGH Time 

35ns 


TABLE ilC 

Combinational Propagation Deiays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 



To Output 

From 

Input 

Y 

G, P 

Cn + 4 

C| + 4 
l4 = L 

Cl-i -4 
l4 = H 

Fun 


Empty 

I 4-0 

88 

74 

82 

87 

97 

78 

- 

CC 

68 

52 

60 

- 

78 

47 

- 

Cn 

37 

- 

30 

- 

46 

- 

- 

Ci 

- 

- 

- 

23 

23 

- 

- 

CP 

74 

58 

66 

48 

84 

60 

60 

D 

55 

38 

45 

- 

65 

- 

- 

iEN 

- 

- 

- 

- 

- 

45 

- 


TABLE IIB 

Output Enabie/Disabie Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

OE 

Y 

32 

31 

CC 

(Note 1) 

Y 

60 

42 

U-0 

(Note 1) 

Y 

85 

60 


Note 1: "Suspend" instruction. 


TABLE iiD 

Setup and Hold Times. Ail in ns. 

All relative to clock 
LOW-to-HIGH transition. 


Input 

...CP:.,, 


Set-up 

Time 

Hold 

Time 

U-o 

124 

0 

CC 

80 

0 


69 

0 

Cn 

52 

0 

Ci 

37 

5 

D (^=L 

14.0 = 0-8 or 10-15) 

30 

2 

D (All other conditions) 

72 

2 

RE 

29 

4 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-3ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
ViL<0V and Vih>3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
Driven Inputs 




Note: Cj input is connected to both configurations in parallel. 


Driving Outputs 


ALL OTHER 0/P'$ 
DRIVING OUTPUT 



» 0-3 

DRIVING OUTPUT 



Note: Actual current flow direction shown. 


RELATED PRODUCTS 



Description 


Carry Look-Ahead Generator 
Status and Shift Control Unit 
8 -Bit Register 
Condition Code MUX 



For applications information, see Chapter V of Bit Siice Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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Am2932 

Program Control Unit/Push-Pop Stack 


DISTINCTIVE CHARACTERISTICS 


• Powerful, 4 -bit slice address controller for memories 

Useful with both main memory and microprogram mem¬ 
ory 

Expandable to generate any address length 

• Executes 16 instructions 

Automatic generation of address and update of pro¬ 
gram counter for fetch cycles, branch cycles, and 
subroutine call and return 


• Eight relative address instructions 

Including Jump relative and Jump-to-Subroutine rela¬ 
tive 

• Seventeen-level push/pop stack 

On-chip storage of subroutine return addresses 
nested up to 17 levels deep 

• Separate incrementer for program counter 

A relative address may be computed and PC may 
be incremented by one on a single cycle 


GENERAL DESCRIPTION 


The Am2932 is a four-bit wide Program Control Unit 
intended to perform machine level addressing functions, 
although the device can also be used as a microprogram 
sequencer. Four Am2932s may be interconnected to gen¬ 
erate a 16-bit address (64K words). The Am2932 contains a 
program counter, a subroutine stack, an auxiliary register, 
and a full adder for computing relative addresses. 

The Am2932 performs five types of instructions. These are; 
1. Fetch; 2. Jump; 3. Jump-to-Subroutine; 4. Return-from- 
Subroutine; and 5. Miscellaneous Instructions. 


There are four sources of data for the adder which 
generates the Address outputs (Y 0 -Y 3 ). These are: 1. the 
Program Counter (PC); 2. the Stack (S); 3. the auxiliary 
Register (R); and 4. the Direct inputs (D). Under control of 
the Instruction inputs (I 0 -I 3 ), the multiplexers at the adder 
inputs allow various combinations of these terms to be 
generated at the three-state Y address outputs. The 
Instruction lines also control the updating of thd program 
counter and the auxiliary register. 


BLOCK DIAGRAM 


En| I 




MULTin.EXER 


ii 


-U 


17X4 

REGISTER 

STACK 


MULTIPLEXER 






r-«-ltNCREMENTERl 


MULTIPLEXER 


INSTRUCTION 


BD002390 


INTERNAL 
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Am2932 


CONNECTION DIAGRAM 
Top View 

D-20 Chip-Pak™ 

L-28-1 



i ^ .8 -- ^ 



CD004520 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 

(DIP) 


1 18 18 17 16 15 14 13 



METALLIZATION AND PAD LAYOUT 



DIE SIZE: 0.134 'X 0.200" 

Pad numbers correspond to DIP pinout. 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (If desired). 


Am2932 


C B 

Valid Combinations 

I— Screening Option 


DC, DCB, DMB 

Blank - Standard processing 

Am2932 

LC, LMB 

B - Burn-in 


XC, XM 

— Temperature (See Operating Range) 




C -Commercial (0°C to +70®C) 

M-Military (-55°C to+125®C) 

— Package 

D-20-pln CERDIP 

L-28-pin leadless chip carrier 

X-Dice Valid Combinations 


Device type 
Program Control Unit 


Consult the AMD sales office in your area to 
determine If a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


l0-3 

1 

The four Instruction control lines to the Am2932, used to establish data paths and enable internal registers. 

5 

Cn 

1 

The carry-in to the Full Adder. 

12 

Cn + 4 

0 

The carry-out of the Full Adder. 

3 

Cj 

1 

The carry-in to the program counter incrementer. 

4 

Cj + 4 

0 

The carry-out of the program counter incrementer. 


Yo-3 

0 

The four address outputs of the Am2932. These are three-state output lines. When enabled, they display the 
outputs of the Full Adder. > 


Do-3 

1 

The four Direct inputs which are used as inputs to the Auxiliary Register, the RAM, and the Full Adder, under 
instruction control. 

2 

Full 

0 

The Full output is LOW when the LIFO stack is full - during and aft^r the 17th push operation. 

11 

CP 

1 

The clock input to the Am2932. All internal registers (R, SP, PC) and the RAM are updated on the LOW-to-HIGH 
transition of the clock input. 


BLOCK DIAGRAM 


I 



Am2932 














Am2932 


ARCHITECTURE OF THE Am2932 

The Ann2932 is a bipolar Program Control Unit intended for 
use in high-speed microprocessor applications. The device is 
a cascadable, four-bit slice such that three devices allow 
addressing of up to 4K words of memory and four devices 
allow addressing of up to 64K words of memory. 

As shown in the Block Diagram, the device consists of the 
following: 

1. A full adder with input multiplexers 

2. A Program Counter Register with an incrementer and 
an input multiplexer 

3. A 17 x4 Last-In, First-Out (LIFO) stack consisting of an 
Input multiplexer, a 17x4 RAM, and a Stack Pointer 

4. An auxiliary register with an input multiplexer 

5. An instruction decoder 

6 . Four 3-state output buffers on the address outputs 

The following paragraphs describe each of these blocks in 
detail. 

Full Adder 

The Full Adder is a binary device with full lookahead carry 
logic for high-speed addition. The carry output (Cn + 4 ) can be 
connected to the next higher Cn to provide ripple block 
arithmetic. The carry Input to the adder (Cp) is internally 
inhibited during those instructions which do not require an 
addition to be performed. For these instructions, the data is 
passed directly through the adder, independent of the state of 
Cn. 

The multiplexers at the A and B inputs of the adder are 
controlled by the Instruction decoder which selects the appro¬ 
priate adder inputs for the selected instruction. 

Program Counter 

The program counter consists of a register preceded by an 
incrementer. The Program Counter Register (PC) is a four-bit, 
edge-triggered, D-type register which is loaded from the 
incrementer output on the LOW-to-HIGH transition of the 
clock input (CP) at the end of every instruction. 

The incrementer utilizes full lookahead logic for high speed. 
For cascading devices, the carry output of the incrementer 
(Cj + 4 ) is connected to the incrementer carry input (Cj) of the 
next higher device. The output of the incrementer, which is 
loaded into the PC, is equal to the incrementer input plus Q. 
Therefore, it is possible to control the entire cascaded 
incrementer from the Cj input of the least significant device; a 
LOW on the Cj input of the least significant device will simply 
pass the data from the multiplexer output to the inputs of PC; a 
HIGH will cause the outputs of the multiplexer to be increment¬ 


ed before they are loaded into PC. During the suspend 
instruction, the Cj input is internally inhibited; therefore, data is 
passed from the multiplexer output to the PC without incre¬ 
menting. The multiplexer selects the input to the incrementer 
from either PC or the output of the Full Adder, depending upon 
the instruction being executed. During the Jump, Jump-to- 
Subroutine, and Return instructions, the multiplexer chooses 
the Full Adder outputs as the input to the Incrementer. The Full 
Adder output is also selected for the Reset instruction. For all 
other instructions, the PC is selected as the input to the 
incrementer. 

17x4 UFO Stack 

The 17x4 LIFO stack consists of a multiplexer, a 17 x 4 RAM, 
and a Stack Pointer (SP) which address the words in the RAM. 

The SP always points to the last word written into the RAM 
(Top of the Stack). The Top of the Stack (S) is available at the 
output of the RAM. 

Data is pushed onto the Top of the Stack from either D or PC. 
It is written into memory location SP + 1. The SP is increment¬ 
ed on the LOW-to-HIGH clock transition at the end of the 
cycle so that it still points to the last data written into the RAM. 

For a Pop operation, the contents of the RAM are not 
changed, but the SP is decremented at the end of the cycle so 
that it then points to the new Top of the Stack. 

The SP is an up/down counter which changes state on the 
LOW-to-HIGH transition of the Clock input. It is internally 
prevented from incrementing when the stack is full and from 
decrementing when the Stack is empty. When the Stack is full, 
the RAM write circuitry is also inhibited. 

The active LOW Full output (FULL) is LOW either when the 
stack is full or when the current instruction being executed will 
fill the stack (during and after the 17th Push). 

Auxiliary Register (R) 

The Auxiliary Register (R) can be loaded from either the Direct 
inputs (D) or the output of the Full Adder. It is loaded on the 
LOW-to-HIGH transition of the clock input (CP) if the Instruc¬ 
tion inputs call for it to be loaded. 

Instruction Decoder 

The Instruction Decoder generates the signals necessary to 
establish the data paths and to enable the loading of the PC, 
R, SP, and RAM. 

Output Buffers 

The Address outputs (Y 0 -Y 3 ) are three-state drivers which 
may be disabled under Instruction control. 


Am2932 INSTRUCTION SET 

The Am2932 Instruction set can be divided into five types of 
instructions. These are: 

• Fetches 

• Jumps 

• Jumps-to-Subroutine 

• Return-from-Subroutine 

• Miscellaneous Instructions 

The following paragraphs describe each of these types in 
detail. 

Fetches 

As can be seen from Table I, there are four Fetch instructions 
(Instructions 4, 8 , 9, 10). Under control of the Instructions 


inputs, the desired value is placed at the Y outputs. For all 
Fetch instructions, PC is incremented if Cj of the least 
significant device is HIGH. For Instruction 10, R is loaded with 
PC. The RAM and Stack Pointer are not changed during a 
Fetch instruction. 

Jumps 

There are three Jump instructions (Instructions 5,11, 12). 
Under control of the Instruction inputs, the desired value is 
placed at the Y outputs. Additionally, the value is incremented 
if Cj of the least significant device is HIGH and loaded into PC. 
The RAM, Stack Pointer and R are not changed during these 
instructions. 
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Jumps-to-Subroutine 

There are two Jump-to-Subroutine instructions (Instructions 13 
and 14). Under control of the Instruction inputs, the desired 
value is placed on the Y outputs. On the rising edge of the 
clock the value is incremented* and loaded into PC; PC is 
loaded into the RAM at location SP + 1; and SP is increment¬ 
ed. 

During these instructions, R is not changed. 

Return-from-Subroutine (Instruction 7) 

Under control of the instruction inputs, S is placed at the Y 
outputs. Additionally, the value of S is incremented* and 
loaded into PC and SP is decremented at the end of the cycle 
(on the rising edge of the clock). During this instruction, R is 
not changed. 

Miscellaneous Instructions 

Each of the nine miscellaneous instructions is described 
individually. 

Reset (Instruction 0) 

The Reset instruction forces the Y outputs to zero, loads either 
zero or one into PC, depending upon the Q input of the least 
significant device, and resets SP. The RAM and R are 
unchanged. 


Load R (Instruction 15) 

This instruction loads the data on the D inputs into R. PC is 
either incremented or held depending upon C\ of the least 
significant device. The SP and RAM are not changed. 

Push PC (Instruction 6) 

This instruction is the same as Fetch PC except that PC is 
loaded into RAM and SP is incremented at the end of the 
cycle; i.e., the current PC is Pushed onto the stack. 

Push D (Instruction 2) 

This instruction is the same as Fetch PC except that D is 
loaded into the RAM and SP is incremented at the end of the 
cycle; i.e., external data is Pushed onto the stack. 

Pop S (Instruction 3) 

This instruction places the Top of the Stack (S) at the Y 
outputs and decrements SP at the end of the cycle. The PC is 
incremented if the Cj input of the least significant device is 
HIGH. R is not changed. 

Suspend (Instruction 1) 

The Suspend instruction inhibits any change in PC, SP, R and 
RAM and forces the Y outputs into the high impedance state. 


TABLE I-Am2932 INSTRUCTION SET 


Instruction 

Number 

*3 

>2 

h 

■o 

Mnemonic 

Instruction 

Yo-Y3 

Next State (after CP -T*) - Note 2 

PC 

R 

RAM 

SP 

0 

L 

L 

L 

L 

PRST 

RESET 

"0" 

"0"+Ci 

_ 

_ 

Reset 

1 

L 

L 

L 

H 

PSUS 

SUSPEND 

Z (Note 1) 

- 

- 

- 

- 

2 

L 

L 

H 

L 

PSHD 

PUSH D 

PC 

PC + Cj 

- 

D-.LOC SP + 1 

SP + 1 

3 

L 

L 

H 

H 

POPS 

POP S 

S 

PC + Cj 

_ 

- 

SP-1 

4 

L 

H 

L 

L 

FPC 

FETCH PC 

PC 

PC + Cj 

- 

_ 

_ 

5 

L 

H 

L 

H 

JMPD 

JUMP D 

D 

D + Cj 

_ 

_ 

_ 

6 

L 

H 

H 

L 

PSHP 

PUSH PC 

PC 

PC + Cj 

- 

PC-.LOC SP + 1 

SP + 1 

7 

L 

H 

H 

H 

RTS 

RETURN S 

S 

S + Cj 

- 

- 

SP-1 

8 

H 

L 

L 

L 

FR 

FETCH R 

R 

PC + Cj 

- 

- 

- 

9 

H 

L 

L 

H 

FPR 

FETCH PC + R 

PC + R + Cn 

PC + Cj 

_ 

_ 

- 

10 

H 

L 

H 

L 

FPLR 

FETCH PC^R 

PC 

PC + Cj 

PC 

_ 

_ 

11 

H 

L 

H 

H 

JMPR 

JUMP R 

R 

R + Cj 

- 

- 

_ 

12 

H 

H 

L 

L 

JPPR 

JUMP PC + R 

PC + R + Cn 

PC + R + Cn + Cj 

- 

- 

_ 

13 

H 

H 

L 

H 

JSBR 

JSB R 

R 

R + Cj 

_ 

PC^Loc SP + 1 

SP + 1 

14 

H 

H 

H 

L 

JSPR 

JSB PC + R 

PC + R + Cn 

PC + R + Cn + Cj 

_ 

PC^Loc SP + 1 

SP + 1 

15 

H 

H 

H 

H 

PLDR 

LOAD R 

PC 

PC + Cj 

D 

- 

- 


Notes: 1. Z = High impedance state (outputs "OFF”). 
2. - = No change. 


*lf Cj of the least significant device is HIGH. 


PC - Program Counter 
R - Auxiliary Register 
S - Stack Top 


SP - Stack Pointer'; 
D - Direct Inputs 


APPLICATIONS 

The Am2932 is shown in a typical 16-bit, 2900 Microcomputer 
design in Figure 1. 

The Direct inputs (D) of the Am2932 are derived from one of 
three sources: the Instruction Register, the Data Bus via a 16- 
bit register (two Am2920 8-bit Registers), and the output of the 
Am2901Cs via a 16-bit register. 


The Address outputs (Y) of the Am2932 are passed to the 
address bus. 

The Cn + 4 output can be wired to the next higher Cn input to 
provide ripple block arithmetic. 

The control inputs of the Am2932 (I 0 - 3 , Cj and Cp of the least 
significant device) are shown originating at the Pipeline 
Register. 


For applications information, see Chapter V of Bit Slice 
Microprocessor Design, Mick & Brick, McGraw Hill Publications. 
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D0O1D2D3 D 4 06 DeD 7 D8D9D10D11 D ,2 0 i 3 Di 4 Di 6 



l1 

•o 

INSTRUCTION 

Y OUTPUTS 

L 

L 

RESET 

" 0 ” 

L 

H 

SUSPEND 

Z (HIGH IMPEDANCE) 

H 

L 

PUSH D 

SEE NOTE 1 

H 

H 

POP S 

TOP OF STACK 


11 


Dq Di D 2 D 3 


iFun 


17X4' 

»1 LIFO 
CP STACK 

Yq Yi V2 Y3 


TT 


AF001991 

Equivalent Logic Symbol for 
AM2932 with I2, I3 Grounded 


This figure shows the use of four Am2932s as a 17-word by 16-bit LIFO stack by grounding I 2 and I 3 . 
The effect of grounding I 3 is shown in Figure 3. 

Note 1. During this instruction, PC is placed on the Y outputs. If Q is held LOW, the Y outputs will be 
LOW for this instruction after the device is initialized with a Reset instruction. 


Figure 2 . Application of Four Am2932s as a 17-Word by 16-Bit LIFO Stack. 



Do Di D2 D3 

— 

'O FULL 

It 

— 

'2 Am2932 

-jcr- 

'3 


Ci Ci+4 

NC- 

Cn Cn+4 

— 

CP 

Yo Yi Y2 Y3 


AF002030 


•2 


>0 

INSTRUCTION 

L 

L 

L 

RESET 

L 

L 

H 

SUSPEND 

L 

H 

L 

PUSH D 

L 

H 

H 

POP S 

H 

L 

L 

FETCH PC 

H 

L 

H 

JUMP D 

H 

H 

L 

PUSH PC 

H 

H 

H 

RETURN S 



AF002020 



AF002000 


Figure 3. Equivalent Circuit of Am2932 with I 3 Grounded. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.to +150®C 

(Ambient) Temperature Under Bias...-55X to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State....... .-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30 to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55“C to +125®C 

Supply Voltage..... .......+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vec = min, 

V|N = V|L or V|H 

Yo. Yi, Y2. Y3 

Cn -h 4 

Ci-i-4 

•oh = -1 -OmA 

2.4 



Volts 

FULL 

Iqh = - 1 ^mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = MIN 

V|N = V|L or V|H 

Yo. Yi. Y 2 . Yg 

lOL = 20mA (COM’L) 



0.5 

Volts 

IOL=16mA (MIL) 



0.5 

Cn + 4. 

Q -H4 

lOL = 16mA 



0.5 

FULL 

lOL= 12mA 



0.5 

V|H 

Input HIGH Level (Note 4) 


2.0 



Volts 

V|L 

Input LOW Level (Note 4) 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc*MIN, l|N = -18mA 




-1.5 

Volts 

III 

Input LOW Current 

Vec = max, V|n = 0.5V 

Do-3 



-.360 

mA 

l 0 - 3 . CP 



-.702 

Ci 



- 2.0 

Cn 



-3.69 

l|H 

Input HIGH Current 

Vec = max, ViN = 2.7V 

Do-3 



20 

ma 

lo- 3 . CP 



40 

Ci 



90 

Cn 



250 

l| 

Input HIGH Current 

Vec = max, V|n = 5.5V 



1.0 

mA 

isc 

Output Short Circuit 

Current (Note 3) 

Vec = max 

-30 


-85 

mA 

lOZL 

Output OFF Current 

Vec = max, 

= 2.4V 

Yo-3 

VoUT = 0 . 5 V 



-50 

ma 

lOZH 

VOUT - 2.4V 



50 

icc 

Power Supply Current 
(Note 5) 

Vcc = max 

Tc = -55 to -i-125“C 



210 

mA 

Tc = + 125X 



145 

Ta = 0 to 70®C 



190 

Ta = 70^ 



160 


Notes: 1. Typical limits are at Vcc=*5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be tested in a static-, noise-free environment. 

5. Minimum Ice is at maximum temperature. 


type. 
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SWITCHING TEST CIRCUIT 


A. THREE STATE OUTPUTS 


B. NORMAL OUTPUTS 




5.0-Vbe-V oL 
Iql + Vql 

1K 


lOH 

5.0-Vbe-Vql 
Iql + Vql 
R2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disabled tests. 

TEST OUTPUT LOADS FOR Am2932 


(DIP) 

Pin Label 

Circuit 

Ri 

R2 

2 

fdix 

B 

300 

2K 

4 

Cj -p 4 

B 

240 

1.5K 

6-9 

Yo-3 

A 

240 

IK 

12 

Cn + 4 

B 

240 

1.5K 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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Am2932 SWITCHING CHARACTERISTICS 


Tables A, B, C and D define the timing characteristics of the Am2932. Measurements are made at 1.5V with V|l = OV and 
V|H = 3.0V. For three-state disable tests, Cl = 5.0pF and measurement is to 0.5V change on output voltage level. 

I. GUARANTEED PERFORMANCE OVER COMMERCIAL OPERATING RANGE. 

Vcc = 4.75 to 5.25V, Ta = 0 to + 70^ 

TABLE lA TABLE IC 

Clock Characteristics. Combinational Propagation Deiays. 

I_^_I_I All in ns. 

I Minimum Clock LOW Time | 31ns | Outputs fully loaded. Cl = 50pF. 



TABLE ID 

Set-up and Hold Times. 

All in ns. 

All relative to clock 
LOW-to-HIGH transition. 



CP: > 


Input 

Set-up 

Time 

Hold 

Time 

Cn 

43 

0 

Cj 

32 

5 

D 

52 

2 

I3-0 

114 

0 


Note: 1. Instructions 5, 7, 11, 12, 13, 14. 

2. All instructions except 5, 7, 11, 12, 13, 14. 
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II. GUARANTEED PERFORMANCE OVER MILITARY OPERATING RANGE. 

Vcc = 4.5 to 5.5V. Tc= -55 to +125^0 


TABLE IIA 

Clock Characteristics. 


Minimum Clock LOW Time 

35ns 

Minimum Clock HIGH Time 

35ns 


TABLE lie 

Combinational Propagation Delays. 

All in ns. 

Outputs fully loaded. Cl = 50pF. 


TABLE IIB 

Output Enable/Disable Times. 

All in ns. 

Cl = 5.0pF for output disable tests. 


From 

To 

Enable 

Disable 

<3-0 

Y 

85 

60 



To Output 

From 

Input 

Y 

C| + 4 

C| + 4 
(Note 1) 

On- 4 
(Note 2) 

Full 

I 3-0 

88 

82 

97 

87 

78 

Cn 

37 

30 

46 

- 

- 

Ci 

- 

- 

23 

23 

- 

CP 

74 

66 

84 

45 

60 

D 

44 

- 

55 

- 

- 


TABLE IID 


Set-up and Hold Times. All in ns. 

All relative to clock 
LOW-to-HIGH transition. 



CP: , 

r’" ' 

Input 

Set-up 

Time 

Hold 

Time 

On 

52 

0 

Q 

37 

5 

D 

60 

2 

I 3-0 

124 

0 


Note: 1. Instructions 5, 7, 11, 12, 13, 14. 

2. All instructions except 5, 7, 11, 12, 13, 14. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part Is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining Input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L<0V and V|h> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 


RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2920 

8-Bit Register 

Am2922 

Condition Code MUX 
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Am2940 

DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 


DMA Address Generation 

Generates memory address, word count and DONE 
signal for DMA transfer operation. 

Expandable Eight-bit Slice 

Any number of Am2940's can be cascaded to form 

larger memory addresses - three devices address 16 

megawords. 

Repeat Data Transfer Capability 

Initial memory address and word count are saved 
so that the data transfer can be repeated. 


• Programmable Control Modes 

Provides four types of DMA transfer control plus 
memory address increment/decrement. 

• High Speed, Bipolar LSI 

Advanced Low-Power Schottky TTL technology pro¬ 
vides typical CLOCK to DONE propagation delay of 
50ns and 24mA output current sink capability. 

• Microprogrammable 
Executes 8 different instructions. 


GENERAL DESCRIPTION 


The Am2940, a 28-pin member of Advanced Micro De¬ 
vices' Am2900 family of Low-Power Schottky bipolar LSI 
chips, is a high-speed, cascadable, eight-bit wide Direct 
Memory Access Address Generator slice. Any number of 
Am2940's can be cascaded to form larger addresses. 

The primary function of the device is to generate sequential 
memory addresses for use in the sequential transfer of data 
to or from a memory. It also maintains a data word count 
and generates a DONE signal when a programmable 
terminal count has been reached. The device is designed 


for use in peripheral controllers with DMA capability or in 
any other system which transfers data to or from sequential 
locations of a memory. 

The Am2940 can be programmed to Increment or decre¬ 
ment the memory address in any of four control modes, and 
executes eight different instructions. The initial address and 
word count are saved internally by the Am2940 so that they 
can be restored later in order to repeat the data transfer 
operation. 


BLOCK DIAGRAM 



Am2940 DMA Address Generator 


BD002450 


For applications information sed the last part of this data sheet and Chapter VII of 
Bit Slice Microprocessor Design, by Mick and Brick, McGraw-Hill Publishers. 
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D-28 


CONNECTION DIAGRAM 
Top View 

F-28 



Chip-Pak’*’’''' 

L-28 


^ Jt JC ^ ^ ^ 


WCI c 
wcS C 

ACi C 

*0 C 
Do C 




^ Am2940 


] Vcc 

] DOME 
] Wo 
] A 7 
1 O, 

3 De 
3 Ae 


3 A, 
3'2 


CD004630 


Note: Pin 1 is marked for orientation 



LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 

Note: Numbers refer to DIP pin connection. 




DIE SIZE: 0.178" X 0.181" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2940 D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

•—Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military {-55^C to +125‘’C) 

- Package 
D-28-pin CERDIP 
F-28-pin flatpak 
L-28-pin leadless chip carrier 
X- Dice 

Device type 

DMA Address Generator 


Valid Combinations 

Am2940 

DC, DCS, DMB 
FMB 

LC, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 



Pin No. 

Name 

I/O 

Description 

23, 24, 25 

l0-2 

1 

Selects one of eight instructions. 

11 

ASi 

1 

Carry-in to the address counter. 

6 

ACS 

0 

Carry-out from the address counter. 

9 

wCi 

1 

Carry-in to the word counter. 

10 

WCO 

o 

Carry-out from the word counter. 


Do-7 

I/O 

External data. 


Ao-7 

0 

Address outputs under control of Output Enable input, SEa. 

20 

5Ea 

1 

Address output enable. 

7 

DONE 

0 

Transfer complete signal. 

21 

CP 

1 

Clock input. Registers and counters change on the LOW-to-HIGH transition. 


Am2940 ARCHITECTURE 

As shown in the Block Diagram, the Am2940 consists of the 
following: 

• A three-bit Control Register 

• An eight-bit Address Counter with input multiplexer 

• An eight-bit Address Register 

• An eight-bit Word Counter with input multiplexer 

• An eight-bit Word Count Register 

• Transfer complete circuitry 

• An eight-bit wide data multiplexer with three-state output 
buffers 

• Three-state address output buffers with external output 
enable control 

• An instruction decoder 

Control Register 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines D 0 -D 7 . Control 
Register bits 0 and 1 determine the Am2940 Control Mode, 
and bit 2 determines whether the Address Counter increments 
or decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory 
address, is an eight-bit, binary, up/down counter with full look¬ 
ahead carry generation . The Address Carry Input (]^) and 
Address Carry Output (ACO) allow cascading to accommo¬ 
date larger addresses. Under Instruction control, the Address 
Counter can be enabled, disabled, and loaded from the DATA 
inputs, D 0 -D 7 , or the Address Register. When enabled and the 
ACI input is LOW, the Address Counter increments/decre¬ 
ments on the LOW-to-HIGH transition of the CLOCK input, CP. 
The Address Counter output can be enabled onto the three- 
state ADDRE SS ou tputs A 0 -A 7 under control of the Output 
Enable Input, OEa- 

Address Register 

The eight-bit Address Register saves the initial address so that 
it can be restored later in order to repeat a transfer operation. 
When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, D 0 -D 7 . 


Word Counter and Word Count Register 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the 
exception that the Word Counter increments in Control Modes 
1 and 3, decrements in Control Mode 0, and is disabled in 
Control Mode 2. The LOAD WORD COUNT instruction simul¬ 
taneously loads the Word Counter and Word Count Register. 

Transfer Compiete Circuitry 

The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
operation in three Control Modes and generates the DONE 
output signal. The DONE signal is an open-collector output, 
which can be dot-anded between chips. 

Data Muitipiexer 

The Data Multiplexer is an eight-bit wide, 3-input multiplexer 
which allows the Address Counter, Word Cpunter, and Control 
Register to be read at the DATA lines, D 0 -D 7 . The Data 
Multiplexer and three-state Data Output Buffers are instruction 
controlled. 

Address Output Buffers 

The three-state Address Output Buffers allow the Address 
Counter output to be enabled onto the ADDRESS lines , A 0 -A 7 , 
under external control. When the Output Enable input, OEa, is 
LOW, the Address output buffers are enabled; when OEa is 
HIGH, the ADDRESS lines are in the high-impedance state. 
The Address and Data Output Buffers can sink 24mA output 
current over the commercial operating range. 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, I 0 -I 2 and 
Control Register bits, CRq-CRi. 


The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW-to-HIGH transition of the CP 
signal. 
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Control Register 

I CR2 I CRi I CRq I 




Control Mode 
Number 

Control 

Mode Type 

Word 

Counter 

DONE Output Signal 

CRi 

CRo 

WCI = LOW 

WCI = HIGH 

L 

L 

0 

Word Count Equals Zero 

Decrement 

HIGH when 

Word Counter = 1 

HIGH when 

Word Counter = 0 

L 

H 

1 

Word Count Compare 

Increment 

HIGH when' 

Word Counter + 1 
^Word Count Reg. 

HIGH when 

Word Counter 
= Word Count Reg. 

H 

L 

2 

Address Compare 

Hold 

HIGH when Word Counter = Address Counter 

H 

H 

3 

Word Counter Carry Out 

Increment 

Always LOW 


CR2 

Address Counter 

L 

Increment 

H 

Decrement 


L=LOW 
H = HIGH 


Figure 1. Control Register Format Definition. 


Am2940 CONTROL MODES 

Control Mode 0 - Word Count Equals Zero 
Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When the Word Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the clock input, CP. Figure 1 
specifies when the DONE signal is generated^ 

Control Mode 1 - Word Count Compare Mode 

In this mode the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and clears the Word 
Counter. When t he W ord Counter is enabled and the Word 
Counter Carry-in, WCI, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CP. Figure 1 
specifies when the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need be 
specified. The initial Memory Address Is loaded into the 
Address Register and Address Counter and the final memory 


address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de¬ 
pending on Control Register bit 2) on the LOW-to-HIGH 
transition of the CLOCK input, CP. The Transfer Complete 
Circuitry compares the Address Counter with the Word Count¬ 
er and generates the DONE signal during the last word 
transfer; i.e,, when the Address Counter equals the Word 
Counter. 

Control Mode 3 - Word Counter Carry Out 
Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to be transferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 



5-271 


03575B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2940 









Am2940 


MICROINSTRUCTION REG. 



PF000981 


Figure 2. Am2940 Interconnections. 


Am2940 INSTRUCTIONS 

The Am2940 instruction set consists of eight instructions. Six 
instructions load and read the Address Counter, Word Counter 
and Control Register; one instruction enables the Address and 
Word counters; and one instruction reinitializes the Address 
and Word Counters. The function of the REINITIALIZE 
COUNTERS, LOAD WORD COUNT, and ENABLE COUNT¬ 
ERS instructions varies with the Control Mode being utilized. 
Table 1 defines the Am2940 Instructions as a function of 
Instruction inputs I 0 -I 2 and the four Ann2940 Control Modes. 

The WRITE CONTROL REGISTER instruction writes DATA 
input D 0 -D 2 into the Control Register; DATA inputs D 3 -D 7 are 
"don’t care" inputs for this instruction. The READ CONTROL 
REGISTER instruction gates the Control Register outputs to 
DATA lines, D 0 -D 2 . DATA lines D 3 -D 7 are in the HIGH state 
during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter outputs 
to DATA lines D 0 -D 7 . The LOAD WORD COUNT instruction Is 
Control Mode dependent. In Control Modes 0, 2, and 3, DATA 
inputs Do’D 7 are written into both the Word Count Register 
and Word Counter. In Control Mode 1, DATA inputs D 0 -D 7 are 


written into the Word Count Register and the Word Counter is 
cleared. 

Tl]/S READ ADDRESS COUNTER instruction gates the Ad¬ 
dress Counter outputs to DATA lines D 0 -D 7 , and the LOAD 
ADDRESS instruction writes DATA inputs D 0 -D 7 into both the 
Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
Instruction enables both the Address and Word Counters; in 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi¬ 
tion of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans¬ 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 
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TABLE 1. Am2940 INSTRUCTIONS 


B 

■ 







Word 

Counter 

Address 

Reg. 

Address 

Counter 

Control 

Register 


L 

L 

L 

0 

WRITE 

CONTROL 

REGISTER 

WRCR 

0,1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

D0-D2 -► CR 

INPUT 

L 

L 

H 

1 

READ 

CONTROL 

REGISTER 

RDCR 

0,1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

CR -» Do~D 2 
(Note 1) 

L 

H 

L 

2 

READ 

WORD 

COUNTER 

RDWC 

0,1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

WC-.D 

L 

H 

H 

3 

READ 

ADDRESS 

COUNTER 

RDAC 

0,1,2,3 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

Q 

T 

0 

< 





REINITIALIZE 

REIN 

0,2,3 

HOLD 

WCR-.WC 

HOLD 

AR^AC 

HOLD 

z 

H 

L 

L 

4 

COUNTERS 

1 

HOLD 

ZERO-.WC 

HOLD 

AR-AC 

HOLD 

z 

H 

L 

H 

5 

LOAD 

ADDRESS 

LDAD 

0,1.2,3 

HOLD 

HOLD 

D-.AR 

D^AC 

HOLD 

INPUT 

H 

H 


6 

LDAD 

WORD 

COUNT 

LDWC 

0,2,3 

D^WR 

0 

T 

Q 

HOLD 

HOLD 

HOLD 

INPUT 

L 

1 

D^WR 

ZERO^WC 

HOLD 

HOLD 

HOLD 

INPUT 

H 


H 


ENABLE 

ENCT 

0,1,3 

HOLD 

ENABLE 

COUNT 

HOLD 

ENABLE 

COUNT 

HOLD 

Z 

H 

7 

COUNTERS 

2 

HOLD 

HOLD 

HOLD 

ENABLE 

COUNT 

HOLD 

z 


L = LOW 
H = HIGH 

Z = High Impedance 


CR = Control Reg. WCR = Word Count Reg. 

AR = Address Reg. WC = Word Counter 

AC = Address Counter D = Data 

Note 1: Data Bits D3-D7 are high during this instruction. 

APPLICATIONS 

The Am2940 is designed for use in peripheral controllers with 
DMA capability or in any other system which transfers data to 
or from sequential locations of a memory. One or more 
Am2940's can be used in each peripheral controller of a 
distributed DMA system to provide the memory address and 
word count required for DMA operation. 

Figure 3 shows a block diagram of an example micropro¬ 
grammed DMA peripheral controller. The Am2910A Micropro¬ 
gram Sequencer, Microprogram Memory, and the Microin¬ 
struction Register form the microprogram control portion of 
this peripheral controller. The Am2940 generates the memory 
address and maintains the word count required for DMA 
operation. An internal three-state bus provides the communi¬ 
cation path between the Microinstruction Register, the 
Am2917 Data Transceivers, the Am2940, the Am2901C 
Microprocessor, and the Device Interface Circuitry. 


The Am2940 interconnections are shown in detail in Figure 2. 
Two Am2940's are cascaded to generate a sixteen-bit ad¬ 
dress. The Am2940 ADDRESS and DATA output current sink 
capability is 24mA over the commercial operating range. This 
allows the Am2940's to drive the System Address Bus and 
Internal Three-State Bus directly, thereby eliminating the need 
for separate bus drivers. Three-bits in the Microinstruction 
Register provide the Am2940 Instruction Inputs, I 0 -I 2 . The 
microprogram clock is used to clock the Am2940's and, when 
the ENABLE COUNTERS instruction is applied, address and 
word counting is controlled by the CNT bit of the Microinstruc¬ 
tion Register. 

Asynchronous interface control circuitry generates System 
Bus control signals and enables the Am2940 Address onto the 
System Address Bus at the appropriate time. The open- 
collector DONE outputs are dot-anded and used as a test 
input to the Am2910A Microprogram Sequencer. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage..+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define tho?e limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

MIL loH = -10mA 

COM'L loH =-2.6mA 

2.4 



Volts 

VOL 

Output LOW Voltage 

Vcc ~ Min., 

V|N = V|H or V|L 
(Note 5) 

WCO, ACO 

MIL loL = 8.0mA 
COM’L loL= 12mA 



0.5 

Volts 

Ao-7. Do-7 
DONE 

MIL loL= 16mA 
COM'L loL =24mA 

V|H 

Input HIGH Level (Note 4) 

Guaranteed Input Logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level (Note 4) 

Guaranteed Input Logical LOW voltage for all inputs 



0.8 

Volts 

Vl 

Input Clamp Voltage 

Vcc = min, l|N *-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n * 0.5V 

Do-7 



-0.15 

mA 

All Others 



-0.8 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Do-7 



150 

juA 

All Others 



40 

•CEX 

Output Leakage on DONE 

Vcc = max, Vo = 5.5V 



250 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5 .5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max + 0 .5V, Vo = 0.5V 

-30 


-85 

mA 

lOZL 

Output OFF Current 

Vcc = max 

OE = 2.4V 

VouT = 0.5V 

Ao-7 



-50 

mA 

Do-7 



-150 

loZH 

VOUT = 2.4 

Ao-7 



50 

Do-7 



150 

icc 

Power Supply Current 

Vcc = max 

Am2940DC 

Ta = 0°C to + 70'’C 



290 

mA 

Ta = + 70X 



235 

Am2940DM, FM 

Tc = -55'’C to +125°C 



315 

Tc = +125°C 



225 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 
functionally tested). 

5. loL I'mit on Aj and Dj (i = 0 to 7) applies to either output individually, but not both at the same time. The sum of the loading on Aj 
plus Dj is limited to 24mA MIL or 32mA COM'L. 


Storage Temperature.-65°C to +150°C 

Ambient Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc iriax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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Am2940 


SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 


Vcc 



Vcc 



2.4V 



C. OPEN-COLLECTOR 
OUTPUTS 


Si 

VOUT O-> 



Cl 


TC001220 


5.0-Vbe-V oL 

lOL + VoL 


Rl = 


s.o-Vbe-Vql 

•OL + VoL 


R1 


5.0-Vql 
lOL 


1K 


R 2 


Notes: 1. Cl = 50pF includes scope probe, stray wfring and capacitances without device in test fixture. 

2 . Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH t®st. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2940 (DIP) 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

Ri 

R2 

- 

Ao-7 

A 

220 

IK 

- 

DO-7 

A 

220 

IK 

6 


B 

, 470 

2.4K 

7 

DONE 

C 

270 

- 

10 

WCO 

B 

470 

2.4K 


For additonal information on testing, see section 
"Guidelines ori Testing Am2900 Family Devices." 
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SWITCHING CHARACTERISTICS 

The tables below define the Am2940 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements._^l measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with Cl = 50pF except output disable times (OE to A and I to D) which are specified or a 
5pF load. , 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

Afn2940DC (Ta = 0 to +70°C, Vcc = 4.75 to 5.25V, Cl = 50pF) 

A. Set-Up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

Am2940DM, FM (Tc=-55 to +125X, Vcc = 4.5 to 5.5V, CL = 50pF) 

A. Set-up and Hold Times 
(Relative to clock 
LOW-to-HIGH transition) 


Notes: 1. Cont rol modes 0, 1, and 3 only. 

2. WCI to DONE occurs only in control modes 0 
and 1. 

3. CP to DONE occurs only in control modes 0, 1, 
and 2. 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

35 

ns 

Maximum Clock Frequency 

16 

MHz 


D. Enable/Disable Times 


From 

To 

Disable 

Enable 


>012 

Do-7 

42 

42 

ns 

OE 

Ao-7 

30 

30 

ns 


Input 

ts 

th 

Do-7 

27 

6 

>012 

49 

5 


34 

5 

wci 

(Note 1) 

34 

5 


B. Combinational Delays 


Input 

AGO 

wco 

Ao-7 

DONE 

-- 

Do-7 

ACi 

21 

- 

- 

- 

- 

wci 

(Note 2) 

- 

21 

- 

54 

- 

I 0 -I 2 

- 

- 

- 

- 

41 

CP 

(Note 3) 

64 

64 

62 

88 

- 


D. Enable/Disbable Times 


From 

To 

Disable 

Enable 


>012 

Do-7 

35 

35 

ns 

OE 

Ao-7 

25 

25 

ns 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

34 

ns 

Maximum Clock Frequency 

17 

MHz 


Input 

ts 

th 

Do-7 

24 

4 

>012 

46 

5 

AC\ 

30 

4 

wci 

(Note 1) 

30 

3 


B. Combinational Delays 


Input 

ACO 

WCO 

Ao-7 

DONE 

Do-7 

ACi 

20 

- 

• 

- 

- 

wci 

(Note 2) 

- 

20 

- 

46 

- 

>0-2 

- 

- 

- 

- 

37 

CP 

(Note 3) 

58 

58 

54 

85 

- 



5-277 


03575B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2940 






Am2940 
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■1 
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CLOCK \ _ 
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r. 

CLOC 
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K TO 

DELAY ^ 

oufp'i 
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7 - 

\ 


WF003101 


Figure 4. Switching Waveforms. 


See Tables A for ts and th for various inputs. See Tables. B for combinational delays from clock and other inputs to outputs. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful; 

1 . Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. [^0 not leave Inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance In the ground cable 


may allow the ground pin at the device to rise by 100 's of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
Inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L < OV and V|h > 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2942 

Programmable Timer/Counter DMA Address Generator 


DISTINCTIVE CHARACTERISTICS 


Expandable eight-bit siice 

- Any number of Am2942s can be cascaded. Three 
devices provide a 48-bit counter. 

Reinitialize capabiiity 

-■ Counters can be reinitialized from on-chip registers. 

Executes 16 instructions 

- Eight DMA instructions plus eight Timer/Counter 
instructions. 


• Programmable control modes 

- Provide four types of control. 

• Two independent programmable 8-blt up/down 
counters 

- Counters can be cascaded to form single-chip 16-bit 
up/down counter. 

• High speed bipolar LSI 

- Typical count frequency of 25MHz and 24mA output 
current sink capability. 


GENERAL DESCRIPTION 


The Am2942, a 22-pin version of the Am2940, can be used 
as a high-speed DMA Address Generator or Programmable 
Timer/Counter. It provides multiplexed Address and Data 
lines, for use with a common bus, and additional Instruction 
Input and Instruction Enable pins. The Am2942 executes 
16 instructions; eight are the same as the Am2940 instruc¬ 
tions, and eight instructions facilitate the use of the 
Am2942 as a Programmable Timer/Counter. The Instruc¬ 
tion Enable input allows the sharing of the Am2942 
instruction field with other devices. 


When used as a Timer/Counter, the Am2942 provides two 
independent, programmable, eight-bit, up-down counters in 
a 22-pin package. The two on-chip counters can be 
cascaded to form a single chip, 16-bit counter. Also, any 
number of chips can be cascaded - for example three 
cascaded Am2942s form a 48-bit timer/counter. 

Reinitialization instructions provide the capability to reinitial¬ 
ize the counters from on-chip registers. Am2942 Program¬ 
mable Control Modes, identical to those of the Am2940, 
offer four different types of programmable control. 


BLOCK DIAGRAM 



BD002520 


For applications information see the last part of this data sheet and Chapter VII of 
Bit Slice Microprocessor Design, by Mick and Brick, McGraw-Hill Publishers. 
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Am2942 


CONNECTION DIAGRAM 
Top View 


D-22 

F-22* 


Chip-Pak™ 

L-28 



Si g I i g 



CD004851 


*F-22 Pin Configuration identical to D-22 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 



a’;r fM 


f- 19 “7 

18 Dg 


iili 


OEo 9 - 
.OCK 10 - 


DIE SIZE: 0.181" X 0.178" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2942 


C B 

Valid Combinations 

I— Screening Option 


DC, DCB, DMB 

Blank - Standard processing 


FMB 

B - Burn-in 

Am2942 

LC, LMB 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70°C) 
M - Military (-55°C to +125°C) 

- Package 
D-22-pin CERDIP 
F-22-pin flatpak 
L-28-pin leadless chip carrier 
X- Dice 


Device type 

DMA Address Generator 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

12, 13, 14, 15 

I 0-3 

1 

Selects one of sixteen instructions. 

3 

ACi 

1 

Carry-in to the address counter. 

20 

AGO 

0 

Carry-out from the address counter. 

1 

wci 

1 

Carry-in to the word counter. 

2 

wco 

0 

Carry-out from the word counter. 


Do-7 

I/O 

Bidirectional data bus. 

9 

OEd 

1 

Data bus output enable. 

8 

IE 

1 

Instruction enable for lo-2- 

21 

DONE 

0 

Transfer complete signal. 

10 

CP 

1 

Clock input. Registers and counters change on the LOW-to-HIGH transition. 

Am2942 ARCHITECTURE 

Word Counter and Word Count Register 

As shown in the Block Diagram, the Am2942 consists of the 
following; 

• A three-bit Control Register. 

• An eight-bit Address Counter with input multiplexer. 

• An eight-bit Address Register. 

• An eight-bit VVord Counter with input multiplexer. 

• An eight-bit Word Count Register. 

• Transfer complete circuitry. 

• An eight-bit wide data multiplexer with three-state output 
buffers. 

The Word Counter and Word Count Register, which maintain 
and save a word count, are similar in structure and operation 
to the Address Counter and Address Register, with the 
exception that the Word Counter increments in Control Modes 

1 and 3, decrements in Control Mode 0 and is disabled in 
Control Mode 2. The LOAD WORD COUNT instruction simul¬ 
taneously loads the Word Counter and Word Count Register. 

Transfer Complete Circuitry 

• An instruction decoder. 

CONTROL REGISTER 

Under instruction control, the Control Register can be loaded 
or read from the bidirectional DATA lines D 0 -D 7 . Control 
Register bits 0 and 1 determine the Am2942 Control Mode, 
and bit 2 determines whether the Address Counter increments 
or decrements. Figure 1 defines the Control Register format. 

Address Counter 

The Address Counter, which provides the current memory 
address, is an eight-bit, binary, up/down counter with full 
lookahead carry generation. The Address Carry input (ACI) 
and Address Carry Output (AGO) allow cascading to accom¬ 
modate larger addresses. Under Instruction control, the Ad¬ 
dress Counter can be enabled, disabled, and loaded from the 
DATA inputs, D 0 -D 7 , or the Address Register. When enabled 
and the ACI input is LOW, the Address Counter increments/ 
decrements on the LOW-to-HIGH transition of the CLOCK 
input, CP. 

The Transfer Complete Circuitry is a combinational logic 
network which detects the completion of the data transfer 
operation in three Control Modes and generates the DONE 
output signal. The DONE signal is a open-collector output, 
which can be dot-anded between chips. 

Data Multiplexer 

The Data Multiplexer is an eight-bit wide, three-input multiplex¬ 
er which allows the Address Counter, Word Counter and 
Control Register to be read at DATA lines D 0 -D 7 . The Data 
Multiplexer output, Y 0 -Y 7 , is enabled onto DATA lines D 0 -D 7 if 
and only if the Output Enable input, OEp, is LOW. (Refer to 
Figure 2.) 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the INSTRUCTION inputs, I 0 -I 3 , 
Control Register bits, CRq-CR-i, and the INSTRUCTION EN¬ 
ABLE input, li. 

Address Register 

The eight-bit Address Register saves the initial address so that 
it can be restored later in order to repeat a transfer operation. 
When the LOAD ADDRESS instruction is executed, the 
Address Register and Address Counter are simultaneously 
loaded from the DATA inputs, D 0 -D 7 . 

Clock 

The CLOCK input, CP is used to clock the Address Register, 
Address Counter, Word Count Register, Word Counter, and 
Control Register, all on the LOW-to-HIGH transition of the CP 
signal. 


03574B 

5-281 Refer to Page 13-1 for Essential Information on Military Devices 


Am2942 



Am2942 


Control Register 


■ 




I3i9il3il!l 



■ 









Control Mode 
Number 

Control 

Mode Type 

Word 

Counter 

DONE Output Signal 

CRi 

CRo 

WCI = LOW 

WCI = HIGH 

L 

L 

0 

Word Count Equals Zero 

Decrement 

HIGH when 

Word Counter = 1 

HIGH when 

Word Counter = 0 

L 

H 

1 

Word Count Compare 

Increment 

HIGH when 

Word Counter + 1 
= Word Count Reg. 

HIGH when 

Word Counter 
= Word Count Reg. 

H 

L 

2 

Address Compare 

Hold 

HIGH when Word Counter = Address Counter 

H 

H 

3 

Word Counter Carry Out 

Increment 

Always LOW 


CR2 

Address Counter 

L 

Increment 

H 

Decrement 


H = HIGH 
L = LOW 


Figure 1. Control Register Format Definition. 


OEd 

Q 

1 

o 

Q 

L 

H 

DATA MULTIPLEXER OUTPUT, Y 0 -Y 7 
HIGH Z 


Figure 2. Data Bus Output Enable Function. 


When the Address Counter is enabled and the ACI input is 
LOW, the Address Counter increments or decrements (de¬ 
pending on Control Register bit 2) on the LOW-to-HIGH 
transition of the CLOCK input, CP. The Transfer Complete 
Circuitry compares the Address Counter with the Word Count¬ 
er and generates the DONE signal during the last word 
transfer; i.e., when the Address Counter equals the Word 
Counter. 

Control Mode 3 - Word Counter Carry 
Out Mode 

For this mode of operation, the user can load the Word Count 
Register and Word Counter with the two's complement of the 
number of data words to b e tran sferred. When the Word 
Counter is enabled and the WCI input is LOW, the Word 
Counter increments on the LOW-to-HIGH transition of the 
CLOCK input, CP. A Word Counter Carry Out signal, WCO, 
indicates the last data word is being transferred. The DONE 
signal is not required in this mode and, therefore, is always 
LOW. 

Am2942 INSTRUCTIONS 

The Am2942 instruction set consists of sixteen instructions. 
Eight are DMA Instructions and are similar to the Am2940 
instructions. The remaining eight instructions are designed to 
facilitate the use of the Am2942 as a Programmable Timer/ 
Counter. Figures 3 and 4 define the Am2942 Instructions. 


Am2942 CONTROL MODES 

Control Mode 0 - Word Count Equals 
Zero Mode 

In this mode, the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and Word Counter. 
When th e Wo rd Counter is enabled and the Word Counter 
Carry-in, WCI, is LOW, the Word Counter decrements on the 
LOW-to-HIGH transition of the CLOCK input, CP. Figure 1 
specifies when the DONE signal is generated In this mode. 

Control Mode 1 - Word Count Compare 
Mode 

In this mode the LOAD WORD COUNT instruction loads the 
word count into the Word Count Register and clears the Word 
Counter. When t he W ord Counter is enabled and the Word 
Counter Carry-in, WCI, is LOW, the Word Counter increments 
on the LOW-to-HIGH transition of the clock input, CP. Figure 1 
specifies when the DONE signal is generated. 

Control Mode 2 - Address Compare Mode 

In this mode, only an initial and final memory address need to 
be specified. The Initial Memory Address is loaded into the 
Address Register and Address Counter and the final memory 
address is loaded into the Word Count Register and Word 
Counter. The Word Counter is always disabled in this mode 
and serves as a holding register for the final memory address. 
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Instructions 0-7 are DMA instructions. The WRITE CONTROL 
REGISTER instruction writes DATA input D0-D2 into the 
Control Register; DATA inputs D3-D7 are "don't care" inputs 
for this instruction. The READ CONTROL REGISTER instruc¬ 
tion gates the Control Register to Data Multiplexer outputs Yq- 
Y2. Outputs Y3-Y7 are HIGH during this instruction. 

The Word Counter can be read using the READ WORD 
COUNTER instruction, which gates the Word Counter to Data 
Multiplexer outputs, Y0-Y7. The LOAD WORD COUNT Instruc¬ 
tion Is Control Mode dependent. In Control Modes 0, 2, and 3, 
DATA inputs D0-D7 are written into both the Word Count 
Register and Word Counter. In Control Mode 1, DATA Inputs 
D0-D7 are written into the Word Count Register and the Word 
Counter is cleared. 

The READ ADDRESS COUNTER instruction gates the Ad¬ 
dress Counter to Data Multiplexer outputs, Y0-Y7, and the 
LOAD ADDRESS instruction writes DATA inputs D0-D7 into 
both the Address Register and Address Counter. 

In Control Modes 0, 1, and 3, the ENABLE COUNTERS 
instruction enables both the Address and Word Counters; In 
Control Mode 2, the Address Counter is enabled and the Word 
Counter holds its contents. When enabled and the carry input 
is active, the counters increment on the LOW-to-HIGH transi¬ 
tion of the CLOCK input, CP. Thus, with this instruction 
applied, counting can be controlled by the carry inputs. 

The REINITIALIZE COUNTERS instruction also is Control 
Mode dependent. In Control Modes 0, 2, and 3, the contents 
of the Address Register and Word Count Register are trans¬ 
ferred to the respective Address Counter and Word Counter; 
in Control Mode 1, the content of the Address Register is 
transferred to the Address Counter and the Word Counter is 
cleared. The REINITIALIZE COUNTERS instruction allows a 
data transfer operation to be repeated without reloading the 
address and word count from the DATA lines. 

When li Is HIGH, Instruction inputs, I0-I2. are disabled. When 
I3 is LOW, the function performed is identical to that of the 
ENABLE COUNTERS instruction. Thus, counting can be 
controlled by the carry inputs with the ENABLE COUNTERS 
instruction applied or with Instruction Inputs I0-I2 disabled. 


Instructions 8-F facilitate the use of the Am2942 as a 
Programmable Timer/Counter. They differ from instructions 0- 
7 In that they provide independent control of the Address 
Counter, Word Counter and Control Register. 

The WRITE CONTROL REGISTER, T/C instruction writes 
DATA Input D0-D2 into the Control Register. DATA inputs D3- 
D7 are "don't care" inputs for this instruction. The Address 
and Word Counters are enabled, and the Control Register 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS COUNTER instruction allows 
the independent reinitialization of the Address Counter. The 
Word Counter is enabled and the contents of the Address 
Counter appear at the Data Multiplexer output. 

The Word Counter can be read, using the READ WORD 
COUNTER, T/C instruction. Both counters are enabled when 
this instruction is executed. 

When the READ ADDRESS COUNTER, T/C instruction is 
executed, both counters are enabled and the address counter 
contents appear at the Data Multiplexer output. 

The REINITIALIZE ADDRESS and WORD COUNTERS in¬ 
struction is identical to the REINITIALIZE COUNTERS instruc¬ 
tion and provides the capability to reinitialize both counters at 
the same time. The Address Counter contents appear at the 
Data Multiplexer output. 

DATA inputs D0-D7 are loaded into both the Address Register 
and Counter when the LOAD ADDRESS, T/C instruction is 
executed. The Word Counter is enabled and its contents 
appear at the Data Multiplexer output. 

The LOAD WORD COUNT, T/C instruction is identical to the 
LOAD WORD COUNT instruction with the exception that the 
Address Counter is enabled. 

The Word Counter can be independently reinitialized using the 
REINITIALIZE WORD COUNTER instruction. The Address 
Counter is enabled and the Word Counter contents appear at 
the Data Multiplexer output. 

When the Ti input is HIGH, Instruction inputs, I0-I2, are 
disabled. The function performed when I3 is HIGH is identical 
to that performed when I3 is LOW, with the exception that the 
Word Counter contents appear at the Data Multiplexer output. 


■e 

l3 

l 2 

l 1 

>0 

HEX 

CODE 


0 

0 

0 

0 

0 

0 

WRITE CONTROL REGISTER 


0 

0 

0 

0 

1 

1 

READ CONTROL REGISTER 


0 

0 

0 

1 

0 

2 

READ WORD COUNTER 


0 

0 

0 

1 

1 

3 

READ ADDRESS COUNTER 

DMA 

0 

0 

1 

0 

0 

4 

REINITIALIZE COUNTERS 

INSTRUCTIONS 

0 

0 

1 

0 

1 

5 

LOAD ADDRESS 


0 

0 

1 

1 

0 

6 

LOAD WORD COUNT 


0 

0 

1 

1 

1 

7 

ENABLE COUNTERS 


1 

0 

X 

X 

X 

0-7 

INSTRUCTION DISABLE 


0 

1 

0 

0 

0 

8 

WRITE CONTROL REGISTER, T/C 


0 

1 

0 

0 

1 

9 

REINITIALIZE ADDRESS COUNTER 


0 

1 

0 

1 

0 

A 

READ WORD COUNTER, T/C 


0 

1 

0 

1 

1 

B 

READ ADDRESS COUNTER, T/C 

TIMER/COUNTER 

0 

1 

1 

0 

0 

C 

REINITIALIZE ADDRESS & WORD COUNTERS 

INSTRUCTIONS 

0 

1 

1 

0 

1 

D 

LOAD ADDRESS, T/C 


0 

1 

1 

1 

0 

E 

LOAD WORD COUNT, T/C 


0 

1 

1 

1 

1 

F 

REINITIALIZE WORD COUNTER 


1 

1 

X 

X 

X 

8 -F 

INSTRUCTION DISABLE, T/C 



0 = LOW 1 = HIGH X = DON'T CARE 


Notes: 1. When I 3 is tied LOW, the Am2942 acts as a DMA circuit: When I 3 is tied HIGH, the Am2942 acts 
as a Timer/Counter circuit. 

2. Am2942 instructions 0 through 7 are the same as Am2940 instructions. 


Figure 3. Am2942 Instructions. 
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.m2942 


WRITE CONTROL 
REGISTER 

READ CONTROL 
REGISTER 

READ WORD 
COUNTER 

READ ADDRESS 
COUNTER 

REINITIALIZE 

COUNTERS 


LOAD WORD 
COUNT 


Mnemonic 


WRCR 


0. 1. 2, 3 
0, 1, 2, 3 
0. 1. 2, 3 


Word 

Reg. 

Word 

Counter 

Adr. 

Reg. 

Adr. 

Counter 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

HOLD 

WR _ WC 

HOLD 

> 

1 

> 

O 

HOLD 

ZERO WC 

HOLD 

AR AC 

HOLD 

HOLD 

D ^ AR 

D AC 


WR ZERO ^ WC HOLD 


CONTROL 

REG. 

WORD 

COUNTER 

ADR. 

COUNTER 
ADR. CNTR. 
ADR. CNTR. 

WORD 

COUNTER 

FORCED HIGH 
FORCED HIGH 


ENABLE 

PMPT 

p 

03 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. CNTR 

COUNTERS 


2 

HOLD 

HOLD 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

INSTRUCTION 


0, 1, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

DISABLE 


2 

HOLD 

HOLD 

HOLD 

ENABLE 

HOLD 

ADR. CNTR. 

WRITE CONTROL 
REGISTER, T/C 

WCRT 

0, 1, 2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

Do-2 CR 

CONTROL 

REG. 

REINITIALIZE 
ADR. COUNTER 

REAC 

0, 1, 2, 3 

HOLD 

ENABLE 

HOLD 

AR AC 

HOLD 

ADR. 

COUNTER 

READ WORD 
COUNTER, T/C 

RWCT 

0, 1, 2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

WORD 

COUNTER 

READ ADDRESS 
COUNTER, T/C 

RACT 

0,1, 2, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

ADR. 

COUNTER 

REINITIALIZE 

AnnRPQQ AKin 

RAWP 

0, 2, 3 

HOLD 

WR _ WC 

HOLD 

o 

< 

tr 

< 

HOLD 

ADR. CNTR. 

ML/LfriCOO MINL/ 

WORD COUNTERS 

nMVVO 

1 

HOLD 

ZERO ^ WC 

HOLD 

AR ^ AC 

HOLD 

ADR. CNTR. 

LOAD 

ADDRESS, T/C 

LDAT 

0, 1, 2, 3 

HOLD 

ENABLE 

D AR 

D ^ AC 

HOLD 

WORD 

COUNTER 

LOAD WOflD 

LWCT 

0, 2, 3 

D WR 

D WC 

HOLD 

ENABLE 

HOLD 

FORCED HIGH 

COUNT, T/C 


1 

D WR 

ZERO ^ WC 

HOLD 

ENABLE 

HOLD 

FORCED HIGH 

REINITIALIZE 

REWC 

0, 2, 3 

HOLD 

WR ^ WC 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

WORD COUNTER 


1 

HOLD 

ZERO ^ WC 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

INSTRUCTION 


0, 1, 3 

HOLD 

ENABLE 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 

DISABLE, T/C 

■ 

2 

HOLD 

HOLD 

HOLD 

ENABLE 

HOLD 

WD. CNTR. 


WR = WORD REGISTER 
WC = WORD COUNTER 
AR = ADDRESS REGISTER 


AC = ADDRESS COUNTER 
CR = CONTROL REGISTER 
D = DATA 


Figure 4. Am2942 Function Table. 


APPLICATIONS 

Figure 5 shows an Am2942 used as two independent, 
programmable eight-bit timer/counters. In this example, an 
Am2910A Microprogram Sequencer provides an address to 
Am27S27 512x8 Registered PROMs. The on-chip PROM 
output register is used as the Microinstruction Register. 

The Am2942 Instruction input, I 3 , is ^d HIGH t o sele ct the 
eight Timer/Counter instructions. The Ie, I0-I2. and OEq inputs 
are provided by the microinstruction, and the D 0 -D 7 data lines 
are connected to a common Data Bus. GATE WC and GATE 
AC are separate enable controls for the r espec tive Word 
Counter and Address Counter. The DONE, ACO and WCO 


output signals indicate that a pre-programmed time or count 
has been reached. 

Figure 6 shows an Am2942 used as a single 16-bit program- 
mab le time r/counter. In this example, the Word Counter c arry- 
out, WCO, is connected to the Address Counter carry-in, ACI, 
to form a single 16-bit counter which is enabled by the GATE 
signal. 

Figure 7 shows two Am2942s cascaded to form a 32-bit 
programmable timer/counter. The two Word Counters form 
the low order 16 bits, and the two Address Counters form the 
high order bits. This allows the timer/counter to be loaded and 
read 16 bits at a time. 
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Figure 5. Two 8*Bit Programmable Counters/Timers in a 22-Pin Package. 



Figure 6. 16-Bit Programmable Counter/Timer Using a Single Am2942. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65®C to +150°C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State....-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.6V 

DC Output Current, Into Outputs.30mA 

DC Input Current......-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

MIL loH = -10mA 

COM'L loH*- 2.6mA 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|h or V|L 

WCO, ACO 

MIL loL = 8.0mA 
COM'L loL = 12mA 



0.5 

Volts 

Do-7, done 

MIL loL = 16mA 
COM'L loL = 24mA 

V|H 

Input HIGH Level (Note 4) 

Guaranteed Input Logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level (Note 4) 

Guaranteed input Logical LOW voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc == min, liN^-ISmA 



-1.5 

Volts 

III 

Input LOW Current 

Vcc = max, V|n = 0.5V 

Do-7 



-0.15 

mA 

All Others 



-0.8 

IlH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Do-7 



150 

ma 

All Others 



40 

ICEX 

Output Leakage on DONE 

Vcc = max, Vo = 5.5V 



250 

/iA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max + 0.5V. Vo = 0.5V 

-30 


-85 

mA 

lOZL 

Output OFF Current 

< > 

II 

VouT = 0.5V 

Do-7 



-150 

ma 

lOZH 

VOUT = 2.4 

Do-7 



150 

icc 

Power Supply Current 

Vcc = max 

Am2942PC, DC 

Ta = 0X to H-ZOX 



265 

mA 

Ta = + 70‘’C 



220 

Am2942DM. FM 

Tc = -55“C to +125X 



285 

Tc = +125°C 



205 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These input levels provide no guaranteed noise immunity and should only be static tested in a noise-free environment (not 
functionally tested). 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.O^C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125X 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am2942 


SWITCHING TEST CIRCUIT 

A. THREE STATE OUTPUTS B. NORMAL OUTPUTS 


Vcc 




C. OPEN-COLLECTOR 
OUTPUTS 





TC001220 


R1 = 


5.0-Vbe-VqL 
lOL + VoL 


R2 = 


2.4V 

•oh 


s.o-Vbe-Vql 

•OL + VoL 


R1 = 


5 . 0 -Vql 
•OL 


1K R 2 

Notes: 1. CL = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, $ 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. S'! and S 3 are closed while S 2 is open for tpzH tQSt. 

Si and S 2 are closed while S 3 is open for tpzt t 6 st. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2942 (DIP) 


Pin# 

(DIP) 

Pin Label 

Test 

Circuit 

Hi 

R2 

- 

Do-7 

A 

220 

IK 

20 

AC3 

B 

470 

2.4K 

21 

DONE 

C 

270 

- 

2 

wco 

B 

470 

2.4K 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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SWITCHING CHARACTERISTICS 


The tables below define the Am2942 switching characteristics. Tables A are set-up and hold times relative to the clock LOW-to- 
HIGH transition. Tables B are combinational delays. Tables C are clock requirements. All measurements are made at 1.5V with 
input levels at OV or 3V. All values are in ns with Cl = 50pF except output disable times (I to D) which are specified for a 5pF load. 

I. GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 
Am2942, DC = 0 to +70X, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times B. Combinational Delays 



C. Clock Requirements D. Enable/Disabie Times 



II. GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

Am2942DM, FM (Tc = -55 to +125‘’C, Vcc = 4.5 to 5.5V, Cl = 50pF) 

A. Set-up and Hold Times B. Combinational Delays 

(Relative to clock . . . .. 

LOW-to-HIGH transition) input ACO WCO DONE I 


Input 

ts 

th 

Do-7 

27 

7 

l0-3 

49 

5 

ACi 

34 

5 

wa 

34 

5 

lE 

49 

5 


input 

ACO 

WCO 

DONE 

Do-7 

ACi 

21 

- 

- 

- 

wci 

(Note 1) 

- 

21 

54 

- 

<0-3 

- 

- 

- 

41 

CP 

(Note 2) 

64 

64 

88 

68 

lE 

- 

- 

- 

41 


C. Clock Requirements 


Minimum Clock LOW Time 

23 

ns 

Minimum Clock HIGH Time 

35 

ns 

Maximum Clock Frequency 

17 

MHz 


D. Enable/Disable Times 


From To 

Disable 

Enable 


6 

Q 

30 

30 

ns 


Notes: 1. WCI to DONE occurs only in control modes 0 and 
1 . 

2. CP to DONE occurs only in control modes 0, 1, 
and 2. 
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< 
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output'oelav 


7--- 

\ 


WF003101 


Figure 8. Switching Waveforms. 

See Tables A for ts and th for various inputs. See Tables B for combinational delays from clock and other inputs to outputs. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part Is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA In 5-8ns. Inductance In the ground cable 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L < OV and V|h > 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2946/Am2947 

Octal Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


• 8-bit bidirectional data flow reduces system package 
count 

• 3-state inputs/outputs for Interfacing with bus-oriented 
systems: PNP inputs reduce input loading 

• Vcc ~ 1-15 Voh interfaces with TTL, MOS and CMOS 

• 48mA, 300pF bus drive capability: Low power - 8mA per 
bidirectional bit 


• Am2946 Inverting transceivers: Am2947 noninverting 
transceivers: Transmit/Receive and Chip Disable simpli¬ 
fy control logic 

• Bus port stays in hi-impedance state during power up/ 
down 


GENERAL DESCRIPTION 


The Am2946 and Am2947 are 8-bit state Schottky trans¬ 
ceivers. They provide bidirectional drive for bus-oriented 
microprocessor and digital communications systems. 
Straight through bidirectional transceivers are featured, 
with 24mA drive capability on the A ports and 48mA bus 
drive capability on the B ports. PNP inputs are incorporated 
to reduce input loading. 


One input, Transmit/Receive, determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-state condition. Chip Disable is functionally the same 
as an active LOW chip select. 

The output high voltage (Voh) is specified at Vcc - 1-15V 
minimum to allow interfacing with MOS, CMOS, TTL, ROM, 
RAM, or microprocessors. 


BLOCK DIAGRAM 


Am2947 


Ao A, 


A2 A3 A4 


As Ag A7 



BD002530 


Am2946 has inverting transceivers. 


05406A 
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CONNECTION DIAGRAM 
Top View 

D-20-1 


Vcc ®0 ®1 ®2 ®3 ®4 ®5 ®6 ®7 T/R 

nnnnn nnnnn 

20 19 18 17 16 15 14 13 12 11 


23456789 10 

U U u U uu u u u u 

Aq A) A 2 A 3 A 4 A 5 A 5 A 7 CD GND 

CD004760 


Note: Pin 1 Is marked for orientation 


LOGIC SYMBOL 

A PORT 



METALLIZATION AND PAD LAYOUT 

Am2947 


Vcc 

Ao 


Al 

A 2 

A 3 

A4 

A 5 

Ae 

A 7 

CD 

GND 



19 Bq 


18 81 

17 82 

16 83 

15 84 

14 B5 

13 8g 

12 87 

11 T/R 


DIE SIZE .069" X .089" 

Note: The Am2946 has inverting transceivers 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number Is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2946/2947 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

Am2946 

DC, DCB, DM, 

B - Burn-in 

Am2947 

DMB 

— Temperature (See Operating Range) 


XC 


C - Commercial (0®C to +70®C) 
M - Military (-55X to +125®C) 


'— Package 

D-20-pin CERDIP 
X- Dice 

Device type 

Bidirectional Bus Transceivers 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


A 0 -A 7 

I/O 

A port inputs/outputs are receiver output drivers when T/R is LOW and are transmit inputs when T/R is HIGH. 


B 0 -B 7 

I/O 

B port inputs/outputs are transmit output drivers when T/R is HIGH and receiver inputs when T/R is LOW. 

9 

CD 

I 

Chip Disable forces all output drivers into 3-state when HIGH (same function as active LOW chip select, CS). 

11 

T/R 

I 

Transmit/Receive direction control determines whether A port or B port drivers are in 3-state. With T/R HIGH A 
port is the input and B port is the output. With T/R LOW A port is the output and B port is the input. 


FUNCTION TABLE 


Inputs 

Conditions 

Chip Disable 

L 

L 

H 

Transmit/Receive 

L 

H 

X 

A Port 

Out 

In 

Hl-Z 

B Port 

In 

Out 

Hl-Z 
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ABSOLUTE MAXIMUM RATINGS 



OPERATING RANGES 


Storage Temperature.-65®C to +150®C 

Supply Voltage.7.0V 

Input Voltage. 5.5V 

Output Voltage. 5.5V 

Lead Temperature (Solder, 10 seconds).300*0 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Commercial (C) Devices 

Temperature.0°C to + 70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature...-55*C to +125*C 

Supply Voltage. .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 





Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

A PORT (Ao-Ay) | 

VlH 

Logical "1" Input Voltage 

CD = ViL MAX, T/R = 2.0V 

2.0 



Volts 

V|L 

Logical ”0" Input Voltage 

CD = VilMAX 

T/R = 2.0V 

COM'L 



0.8 

Volts 

MIL 



0.7 

VOH 

Logical "1” Output Voltage 

CD = V|L MAX, 


IOH = - 

0.4mA 

Vcc-1-15 

Vcc-0.7 


Volts 

T/R = 0.8V 


•OH = - 

3.0mA 

2.7 

3.95 


VOL 

Logical "0” Output Voltage 

Xl° 

II 

> 

X 

•OL = 12mA 


0.3 

0.4 

Volts 

COM'L loL = 24mA 


0.35 

0.50 

•os 

Output Short Circuit Current 

CD = V|L MAX, T/ 
Vcc = max. Note 

R = 0.8V. Vo = 
2 

ov. 


-10 

-38 

■ -75 

mA 

l|H 

Logical " 1" Input Current 

CD = V|L MAX, T/R = 2.0V, V| = 2.7V 


0.1 

80 

juA 

l| 

Input Current at Maximum Input Voltage 

CD = 2.0V, Vcc max, V| = Vcc max 



1 

mA 

l|L 

Logical "0" Input Current 

CD = V|L MAX, T/R = 2.0V, V| = 0.4V 


-70 

-200 

HA 

Vc 

Input Clamp Voltage 

CD = 2.0V, l|N = -12mA 


-0.7 

-1.5 

Volts 

lOD 

Output/Input 3-State Current 

CD = 2.0V 

Vo = 0.4V 



-200 

juA 

Vo = 4.0V 



80 

B PORT (Bo-By) | 

V|H 

Logical "1" Input Voltage 

CD = V|L MAX, T/R = V|l MAX 

2.0 



Volts 

V|L 

Logical "0" Input Voltage 

CD = V|L MAX, 

T/R = V|L MAX 

COM'L 



0.8 

Volts 

MIL 



0.7 






lOH =- 

0.4mA 

Vcc-1-15 

Vcc-0.8 



VOH 

Logical "1" Output Voltage 


CD = V|L MAX, 

T/R = 2.0V 


lOH = - 

5.0mA 

2.7 

3.9 


Volts 





<OH 

10mA 

2.4 

3.6 



VOL 

Logical "0" Output Voltage 

CD = V|L MAX, 


lOL = 20mA 


0.3 

0.4 

Volts 

T/R = 2.0V 


lOL = 48mA 


0.4 

0.5 

los 

Output Short Circuit Current 

CD = V|L MAX, T/R = 2.0V, Vq = 
Vcc = max, Note 2 

OV 


-25 

-50 

-150 

mA 

l|H 

Logical ”1" Input Current 

CD = V|L MAX, T/R = V|l MAX, V| = 2.7V 


0.1 

80 

fxA 

h 

Input Current at Minimum Input Voltage 

CD = 2.0V, Vcc = max, V| = Vcc max 



1 

mA 

l|L 

Logical "0" Input Current 

CD = V|L MAX. T/R = V|l MAX, V| = 0.4V 


-70 

-200 

mA 

Vc 

Input Clamp Voltage 

CD = 2.0V, l|N = -12mA 


-0.7 

-1.5 

Volts 

ico 

Output/Input 3-State Current 

CD = 2.0V 

_ 

Vo = 0.4V 



-200 

HA 

Vo = 4.0V 

_ 


200 

CONTROL INPUTS CD, T/R | 

V|H 

Logical "1" Input Voltage 

_, 

2.0 



Volts 

V|L 

Logical "0" Input Voltage 




COM'L 



0.8 

Volts 




MIL 



0.7 

l|H 

Logical "1" Input Current 

V| = 2.7V 


0.5 

20 

juA 

l| 

Input Current at Maximum Input Voltage 

Vcc = max, V| = Vcc max 



1.0 

mA 

l|L 

Logical "0” Input Current 

Vi = 0.4V 

T/R 


-0.1 

-0.25 

mA 

CD 


-0.1 

-0.25 

Vc 

Input Clamp Voltage 

l|N = -12mA 


-0.8 

-1.5 

Volts 

POWER SUPPLY CURRENT I 

-- 


Am2946 

CD = V| * 2.0V, Vcc = max 


70 

100 


Icc 

Power Supply Current 

CD = 0.4V, Vina = 

T/R = 2 . 0 V, Vcc = max 


100 

150 

mA 

Am2947B 

CD = 2 .0V, V| = 0.4V, Vcc = MAX 


70 

100 



CD = Vina * o.4V, t/r = 2 .ov, Vcc = max 


90 

140 
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SWITCHING TEST CIRCUIT 


SWITCHING TIME WAVEFORM 



"X - 


- ‘POLH *PDHL ■ 

]/ -S' 

1.6V 1.6V -V 

/ 


WF003150 


tr = tf < 10ns 10%'to 90% 

Figure 1. Propagation Deiay from A Port to B Port or from B Port to A Port. 




Note: C 2 and C 3 include test fixture capacitance. 


tr = tf < 10ns 10% to 90% 


Figure 2. Propagation Delay from T/R to A Port or B Port. 


PORT e^ _ 



L ^ ...PORT 


INPUT 

0 

DEVICE 

UNDER 


''OUTPUT 
p—OVcc 



PULSE 

I , 

TEST 



GENERATOR 

] 






>600 



- 

9^-0 


j. 

- 

- 

- 



Note: C 4 includes test fixture capacitance. Port input is in 
a fixed logical condition. 



Figure 3. Propagation Delay from CD to A Port or B Port. 
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SWITCHING CHARACTERISTICS (Ta = + 25X, Vcc = 5.0V) 

Am2946 

Parameter 

Description 



Max 

Units 

A PORT DATA/MODE SPECIFICATIONS 

tPDHLA 

Propagation Delay to a Logical ”0" from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Rl = 1k, R 2 = 5k, C-i =30pF 

8 

12 

ns 

tpDLHA 

Propagation Delay to a Logical "1” from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Rl =1k, R 2 = 5k, Ci =30pF 

11 

16 

ns 

tPLZA 

Propagation Delay from a Logical ”0" to 3-State 
from CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 

S 3 = 1, R 5 = 1k, C 4 = 15pF 

10 

15 

ns 

tPHZA 

Propagation Delay from a Logical "1" to 3-State 
from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 

83 = 0 , R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical ”0" 
from CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 

S 3 = 1, R 5 = 1 k, C 4 = 30pF 

19 

25 

ns 

tpZHA 

Propagation Delay from 3-State to a Logical " 1 ” 
from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 

S 3 = 0, R 5 = 5k, C 4 = 30pF 

19 

25 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical ”0” from 

A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 10017, R 2 = Ik, Cl = 300pF 

12 

18 

ns 

Rl = 66717, R 2 = 5k, Ci = 45pF 

7 

12 

ns 

tPDLHB 

Propagation Delay to a Logical ”1" from 

A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 10017, R 2 = Ik, Ci = 300pF 

15 

20 

ns 

Rl = 66717, R 2 = 5k, Ci = 45pF 

9 

14 

ns 

tPLZB 

Propagation Delay from a Logical "0” to 3-State 
from CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) 

83 = 1, R 5 = Ik, C 4 * 15pF 

13 

18 

ns 

tPHZB 

Propagation Delay from a Logical ”1" to 3-State 
from CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 

83 = 0 , R 5 * Ik, C 4 = 15pF 

8 

15 

ns 

tPZLB 

Propagation Delay from 3-State to a Logical "0" 
from CD to B Port 


Ao to Ay * 0.4V, T/R = 2.4V (Figure 3) | 

S 3 = 1, R 5 = 10012, C 4 = 300pF 

25 

35 

ns 

S 3 = 1, R 5 = 66717, Cl = 45pF 

16 

22 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical "1" 
from CD to B Port 


Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 1 

83 = 0 , R 5 = Ik, C 4 = 300pF 

22 

35 

ns 

S 3 = 0, R 5 = 5k, Ci = 45pF 

14 

22 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

tjRL 

Propagation Delay_from Transmit Mode to Receive 
a Logical "0", T/R to A Port 

CD = 0.4V (Figure 2) 

Si = 1 , R 4 = lOOn, C 3 = 5pF 

82 = 1, R 3 = Ik, C2==30pF 

23 

33 

ns 

tTRH 

Propagation Delayjrom Transmit Mode to Receive 
a Logical "1”, T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 0 , R 4 = 10017, C 3 = 5pF 

5 2 = 0, R 3 = 5k, C 2 = 30pF 

22 

33 

ns 

tRTL 

Propagation Delay_from Transmit Mode to Receive 
a Logical "0", T/R to B Port 

CD = 0.4V (Figure 2) 

Si=1,,R4= 10017, C 3 = 300pF 

82 = 1, R 3 = 30017, C 2 = 5pF 

26 

35 

ns 

tRTH 

Propagation Delayjrom Transmit Mode to Receive 
a Logical "1”, T/R to B Port 

CD = 0.4V (Figure 2) 

Si =0, R 4 = Ik, C 3 = 300pF 

82 = 0, R 3 = 30017, C 2 = 5pF 

27 

35 

ns 

Note: 1. All typical values given are for Vcc = 5.0V and Ta = 

2. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2946 

Parameter 

Description 

Test Conditions 

COMMERCIAL 

Am2946 

MILITARY 

Am2946 

Units 

Max 

Max 

A PORT DATA/MODE SPECIFICATIONS 

tPDHLA 

Propagation Delay to a Logical 
”0 from B Port to A Port 

CD = 0.4V. T/R = 0.4V (Figure 1) 

Rl = 1k, R2 = 5k, Cl =30pF 

16 

19 

ns 

tpDLHA 

Propagation Delay to a Logical 
"1 from B Port to A Port 

CD = 0.4V. T/R = 0.4V (Figure 1) 

Rl = Ik, R2 = 5k, Ci =30pF 

20 

23 

ns 

tpLZA 

Propagation Delay from a Logical 
''O'^^to 3-State from CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 

S3 = 1. R5 = Ik, C4 = 15pF 

18 

21 

ns 

tPHZA 

Propagation Delay from a Logical 
"V'^to 3-State from CD to A Port 

Bo to Bt = 0.4V, T/R = 0.4V (Figure 3) 

S3 = 0, R5 = 1k, C4 = 15pF 

18 

21 

ns 

tpZLA 

Propagation Delay from 3-State to 
a Logical "0" from CD to A Port 

Bo to By = 2.4V, T/R = 0.4V (Figure 3) 

S3 = 1, R5= Ik, C4==30pF 

28 

33 

ns 

tpZHA 

Propagation Delay from 3-State to 
a Logical "I" from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 

S3 = 0, R5 = 5k, C4 = 30pF 

28 

33 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical 
"0" from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 10012, R2 = Ik, Cl = 300pF 

24 

29 

ns 

Rl = 66712, R2 = 5k, Cl = 45pF 

16 

19 

ns 

tpDLHB 

Propagation Delay to a Logical 
”1" from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 10012, R2 = 1k. Ci = 300pF 

25 

30 

ns 

Rl = 66712, R2 = 5k, Ci = 45pF 

19 

22 

ns 

tPLZB 

Propagation Delay from a Logical 
”0" to 3-State from CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) 

83 = 1. R5 = 1k, C4 = 15pF 

23 

26 

ns 

tPHZB 

Propagation Delay from a Logical 
''1” to 3-State from CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 

S3 = 0, R5 = 1 k, C4 == 15pF 

18 

21 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical ”0'' from CD to B Port 


Ao to Ay = 2.4V, T/R = 2.4V(Figure 3) | 

S3 = 1, R5 = 10012. C4 = 300pF 

38 

43 

ns 

S3 = 1. R5 = 66712, C4 = 45pF 

26 

30 

ns 

tpZHB 

Propagation Delay from 3-State to 
a Logical ”1” from CD to B Port 


Ao to Ay = 0.4V, T/R = 2.4V(Figure 3) | 

83 = 0, R5= Ik, C4 = 300pF 

38 

43 

ns 

S3 = 0, R5 = 5k, C4 = 45pF 

26' 

30 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

tjRL 

Propagation Delay from Transmit 

Mode to Receive a Logical ”0", 

T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1, R4 = lOOfi, C3 = 5pF 

52 = 1, R3 = 1 k, C2 = 30pF 

38 

43 

ns 

tjRH 

Propagation Delay from Transmit 

Mode to Receive a Logical "1", 

T/R to A Port 

CD = 0.4V (Figure 2) 

Si =0, R4 = lOOfi, C3 = 5pF 

82 = 0. R3 = 5k, C2 = 30pF 

38 

43 

ns 

tRTL 

Propagation Delay from Receive 

Mode to Transmit a Logical "0”, 

T/R to B Port 

CD = 0.4V (Figure 2) 

81 = 1. R4 = lOOn, C3 = 300pF 

82 = 1, R3 = 30012, C2 = 5pF 

41 

47 

ns 

tRTH 

Propagation Delay from Receive 

Mode to Transmit a Logical "1", 

T/R to B Port 

CD = 0.4V (Figure 2) 

81 =0, R4 = Ik, C3 = 300pF 

82 = 0, R3 = 30012, C2 = 5pF 

41 

47 

ns 
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Am2946/Am2947 


SWITCHING CHARACTERISTICS (Ta = +25‘>C, Vcc = 5.0V) 

Am2947 

Parameter 

Description 

Test Conditions 

Typ 

(Note 1) 

Max 

Units 

A PORT DATA/MODE SPECIFICATIONS 

tPDHLA 

Propagation Delay to a Logical "0" from 

B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Rl =1k, R 2 = 5k, Cl =30pF 

14 

18 

ns 

tPDLHA 

Propagation Delay to a Logical " 1 " from 

B Port to A Port 

CD = 0.4V. T/R = 0.4V (Figure 1) 

Rl = Ik, R 2 = 5k, Ci =30pF 

13 

18 

ns 

tpLZA 

Propagation Delay from a Logical "0" to 3-State 
from CD to A Port 

Bo to By = 0.4V, T/R * 0.4V (Figure 3) 
S3*1, R5»1k. C 4 = 15pF 

11 

15 

ns 

tPHZA 

Propagation Delay from a Logical "1" to 3-State 
from CD to A Port 

Bo to By * 2.4V, T/R * 0.4V (Figure 3) 

S 3 = 0, R 5 = 1k, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical "0" 
from CD to A Port 

Bo to By = 0.4V, T/R = 0.4V (Figure 3) 

S 3 = 1, R 5 = Ik, C 4 = 30pF 

19 

25 

ns 

tpZHA 

Propagation Delay from 3-State to a Logical ”1" 
from CD to A Port 

Bo to By = 2.4V, T/R-0.4V (Figure 3) 

S 3 = 0, R 5 = 5k, C 4 = 30pF 

19 

25 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical "0" from 

A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 10012, R 2 = Ik, Ci = 300pF 

18 

23 

ns 

Rl - 66712, R 2 = 5k, Ci = 45pF 

11 

18 

ns 

tPDLHB 

Propagation Delay to a Logical "1" from 

A Port to B Port 


CD - 0.4V. T/R = 2.4V (Figure 1) | 

Rl = 10012, R 2 = Ik, Ci = 300pF 

16 

23 

ns 

Rl = 66712, R 2 = 5k, Ci = 45pF 

11 

18 

ns 

tpLZB 

Propagation Delay from a Logical "0" to 3-State 
from CD to B Port 

Ao to Ay = 0.4V, T/R - 2.4V (Figure 3) 

S 3 , = 1, Rs-lk, C 4 = 15pF 

13 

18 

ns 

tPHZB 

Propagation Delay from a Logical "1" to 3-State 
from CD to B Port 

Ao to Ay = 2.4V. T/R = 2.4V (Figure 3) 

S 3 , = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLB 

Propagation Delay from 3-State to a Logical ”0" 
from CD to B Port 


Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) | 
S 3 = 1. R 5 = 10012, C 4 = 300pF 

25 

35 

ns 

R 3 = 1, R 5 = 66712, Ci = 45pF 

16 

22 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical "1” 
from CD to B Port 


Ao to Ay = 2.4V, T/R - 2.4V (Figure 3) | 

83 = 0 , Rs-Ik, C 4 = 300pF 

26 

35 

ns 

S 3 = 0, R 5 = 5k, Ci == 45pF 

14 

22 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

tTRL 

Propagation Delay from Transmit Mode to Receive 
a Logical "0", T/R to A Port 

CD = 0.4V (Figure 2) 

S-| = 1 , R 4 = lOOn, C 3 = 5pF 

S 2 = 1, R 3 = 1 k, C 2 = 30pF 

28 

38 

ns 

tTRH 

Propagation Delay_from Transmit Mode to Receive 
a Logical "1", T/R to A Port 

CD = 0.4V (Figure 2) 

S-| = 1, R 4 = 100^2, C 3 = 5pF 

S 2 = 0, R 3 = 5k, C 2 = 30pF 

28 

38 

ns 

tRTL 

Propagation Delay^from Transmit Mode to Receive 
a Logical ”0". T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 1, R 4 = lOOi^, C 3 = 300pF 

5 2 = 0, R 3 = 300J2, C 2 = 5pF 

31 

40 

ns 

tRTH 

Propagation Delay from Transmit Mode to Receive 
a Logical "1", T/R to B Port 

CD = 0.4V (Figure 2) 

51 =0. R4 = 1k, C 3 = 300pF 

5 2 = 1, R 3 = 30012, C 2 = 5pF 

31 

40 

ns 

Note: 1. All typical values given are for Vcc^S.OV and Ta = 25X. 

2. Only one output at a time should be shorted. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2947 

Parameter 

Description 

Test Conditions 

COMMERCIAL 

Am2947 

MILITARY 

Am2947 

Units 

Max 

Max 

A PORT DATA/MODE SPECIFICATIONS 

tpDHLA 

Propagation Delay to a Logical 
"0 from B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Rl = 1k. R 2 = 5k. Cl =30pF 

21 

24 

ns 

tPDLHA 

Propagation Delay to a Logical 
"1 from B Port to A Port 

CD = 0.4V, T/R = 0.4V (Figure 1) 

Rl = Ik. R 2 = 5k. Ci =30pF 

21 

24 

ns 

tpLZA 

Propagation Delay from a Logical 
"0 to 3-State from CD to A Port 

Bn to B? = 0.4V. T/R = 0.4V (Figure 3) 
S3“1, R5“1k, C4=15pF 

18 

21 

ns 

tPHZA 

Propagation Delay from a Logical 
"1 to 3-State from CD to A Port 

Bo to By = 2.4V. T/R = 0.4V (Figure 3) 

S 3 = 0, R5=1k. C4=15pF 

18 

21 

ns 

tpZLA 

Propagation Delay from 3-State to 
a Logical "0" from CD to A Port 

Bo to By “0.4V, T/R = 0.4V (Figure 3) 
S3«1. R 5 = 1k. C 4 = 30pF 

28 

33 

ns 

tpZHA 

Propagation Delay from 3-State to 
a Logical ''1" from CD to A Port 

Bo to By = 2.4V. T/R “ 0.4V (Figure 3) 

S 3 = 0, R 5 = 5k, C 4 = 30pF 

28 

33 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tPDHLB 

Propagation Delay to a Logical 
”0" from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = lOOn, R 2 = Ik, Ci = 300pF 

28 

34 

ns 

Rl = 667J2, R 2 “ 5k, Ci = 45pF 

22 

25 

ns 

tPDLHB 

Propagation Delay to a Logical 
" 1 ” from A Port to B Port 


CD = 0.4V, T/R = 2.4V (Figure 1) | 

Rl = 100S2, R 2 = Ik, Cl = 300pF 

28 

34 

ns 

Rl = 66712, R 2 = 5k, Cl = 45pF 

22 

25 

ns 

tPLZB 

Propagation Delay from a Logical 
"0" to 3-State from CD to B Port 

Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) 

83 = 1 , R 5 = 1k. C 4 = 15pF 

23 

26 

ns 

tPHZB 

Propagation Delay from a Logical 
”1" to 3-State from CD to B Port 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) 

S 3 = 0, R 5 = 1k, C 4 = 15pF 

18 

21 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical "0" from CD to B Port 


Ao to Ay = 0.4V, T/R = 2.4V (Figure 3) | 
S 3 = 1, R 5 = 10012, C 4 = 300pF 

38 

43 

ns 

S 3 = 1, R 5 = 66712, C 4 = 45pF 

26 

30 

ns 

tpZHB 

Propagation Delay from 3-State to 
a Logical "1” from CD to B Port 

J 

Ao to Ay = 2.4V, T/R = 2.4V (Figure 3) | 
S 3 = 0, R 5 = Ik, C 4 = 300pF 

38 

43 

ns 

S 3 = 0, R 5 = 5k, C 4 = 45pF 

26 

30 

ns 

TRANSMIT RECEIVE MODE SPECIFICATIONS 

tTRL 

Propagation Delay from Transmit 

Mode to Receive a Logical "0", 

T/R to A Port 

CD = 0.4V (Figure 2) 

S-j =0, R 4 = lOOfi, C 3 = 5pF 

S 2 = 1, R 3 = 1 k, C 2 = 30pF 

42 

48 

ns 

tTRH 

Propagation Delay from Transmit 

Mode to Receive a Logical ’’1”, 

T/R to A Port 

CD = 0.4V (Figure 2) 

51 = 1, R 4 = 100^2, C 3 = 5pF 

5 2 = 0, R 3 — 5k, C 2 = 30pF 

42 

48 

ns 

tRTL 

Propagation Delay from Receive 

Mode to Transmit a Logical "0", 

T/R to B Port 

CD = 0.4V (Figure 2) 

51 = 1. R 4 = 100J2, C 3 = 300pF 

5 2 = 1. R 3 = 300J2, C 2 = 5pF 

45 

51 

ns 

tRTH 

Propagation Delay from Receive 

Mode to Transmit a Logical ”1", 

T/R to B Port 

CD = 0.4V (Figure 2) 

51 =0, R 4 = Ik, C 3 = 300pF 

5 2 “ 1, R 3 “ 300S2, C 2 = 5pF 

45 

51 

ns 
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Am2948/Am2949 


Am2948/Am2949 

Octal Three-State Bidirectional Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 

• 8-bit bidirectional data flow reduces system package • Am2948 has inverting transceivers; Am29 49 has non- 

count inverting transceivers — both have separate TRANSMIT 

• 3-state inputs/outputs for Interfacing with bus-oriented and RECEIVE Enables 

systems; PNP inputs reduce Input loading • Bus port stays In hl-impedance state during power up/ 

• Vcc -1.15V VoH interfaces with TTL, MOS, and CMOS down 

• 48mA, 300pF bus drive capability; Low power - 8mA per 
bidirectional bit 

GENERAL DESCRIPTION 

The Am2948 and Am2949 are 8-bit, 3-state Schottky Separate TRANSMIT and RECEIVE Enables are provided 

transceivers. They provide bidirectional drive for bus- for microprocessor system with separated read and write 

oriented microprocessor and digital communications sys- control bus lines, 

terns. Straight through bidirectional transceivers are fea¬ 
tured, with 24mA drive capability on the A ports and 48mA jhe output high voltage (Vqh) is specified at Vcc - 1.15V 

bus drive capability on the B ports. PNP inputs are minimum to allow Interfacing with MOS, CMOS, TTL, ROM, 

incorporated to reduce input loading. RAM, or microprocessors. 

BLOCK DIAGRAM 


Am2949 


Aq A| ^2 ^3 ^4 As ^ ^7 



BD00250( 

Am2948 has Inverting transceivers. 
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CONNECTION DIAGRAM 
Top View 

D-20-1 


^cc ®0 ®1 ®2 ®3 ®4 ®6 ®6 ®7 ® 

JLn nnnnnnnn 


20 19 18 17 


18 14 13 12 11 


1/J4t>e/B9 10 

'□ LI U U UU LI U U U 

Aq Aj Aj A4 A5 Ag A7 T GND 

CD004770 


Note: Pin 1 is marked for orientation 
Am2948 is inverting from Ai to Bi 


LOGIC SYMBOL 


A PORT 


1 

2 

1 

3 

4 

_L 

S 

6 

1 

7 

1 

8 


Ao 

Al 


A3 

A4 

As 

A6 

A7 


T 



Am2948/2949 




Bo 

Bl 

B2 

B3 

B4 

B5 

Be 

B7 

19 

T 

18 

T 

17 

T 

16 

T 

16 

T 

14 

T 

13 

1 

12 


B PORT 


LS000990 


METALLIZATION AND PAD LAYOUT 


Am2949 


Vcc 20 



DIE SIZE .069" X .089" 

Note: The Am2948 has inverting transceivers 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Ain2948/2949 


C B 

Valid Combinations 

'—Screening Option 


PC 

Blank - Standard processing 

Am2948 

DC, DCB, DM, 

B - Burn-in 

Am2949 

DMB 

— Temperature (See Operating Range) 


XC 


C -Commercial (0°C to +70®C) 

M - Military (-55^ to +125X) 

— Package 

D-20-pin CERDIP 
P-20-pin plastic DIP 
X- Dice 

Valid Combinations 


Device type 

Bidirectional Bus Transceivers 


Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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Am2948/Am2949 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


A 0 -A 7 

I/O 

A port inputs/.outputs are receiver output drivers when Receive is LOW and transmit is HIGH, and are transmit 
inputs when Receive is HIGH and Transmit is LOW. 


B 0 -B 7 

I/O 

B port inputs/outputs are transmit output drivers when Transmit is LOW and Receive is HIGH, and are receiver 
inputs when Transmit is HIGH and Receive is LOW. 

9,11 

Transmit, 

Receive 

1 

These controls determine whether A port and B port drivers are in 3-state. With both Transmit and Receive HIGH 
both ports are in 3-state. Transmit and Receive both LOW activate both drivers and may cause oscillations. This is 
not an intended logic condition. With Transmit HIGH and Receive LOW A port is the output and B port is the input. 
With Transmit LOW and Receive HIGH B port is the output and A port is the input. 


FUNCTION TABLE 


Control Inputs 

Resulting Conditions 

Transmit 

Receive 



H 

L 

Out 

In 

L 

H 

in 

Out 

H 

H 

3-State 

3-State 

L 

L 

Both Active* 


*This is not an intended logic condition and may cause 
oscillations. 
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ABSOLUTE MAXtMUM RATINGS OPERATING RANGES 

storage Temperature.-65®C to +150°C Commercial (C) Devices 

Supply Voltage.7.0V Temperature.0°C to +70‘’C 

Input Voltage.5.5V Supply Voltage.+ 4.75V to + 5.25V 

Output Voltage..... ..Military (M) Devices 

Lead Temperature (Soldering, 10 seconds). 300”C Temperature. -55°C to +125°C 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage.+4.5V to +5.5V 

RATINGS may cause permanent device failure. Functionality Operating ranges define those limits over which the function- 

at or above these limits is not implied. Exposure to absolute of the device is guaranteed, 

maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

1 A PORT (A 0 -A 7 ) 1 

V|H 

Logical "1" Input Voltage 

T = 0.8V, R = 2.0V 

2.0 



Volts 

V|L 

Logical "0" Input Voltage 

T = 0.8V, R = 2.0V 

COM'L 



0.8 

Volts 

MIL 



0.7 

VoH 

Logical ”1" Output Voltage 

T = 2.0V, R = 0.8V 

•oh = - 0.4mA 

Vcc-1-15 

Vcc-0.7 


Volts 

Iqh “ “ 3.0mA 

2.7 

3.95 


VoL 

Logical''0" Output Voltage 

T = 2.0V, R = 0.8V 

•OL = 12mA 


0.3 

0.4 

Volts 

COM'L loL = 24mA 


0.35 

0.50 

los 

Output Short Circuit Current 

T = 2.0V, R = 0.8V, Vo = OV, 

Vcc = MAX; Note 2 

-10 

-38 

-75 

mA 

l|H 

Logical "1" Input Current 

T = 0.8V, R = 2.0V, V| = 2.7V 


0.1 

80 

mA 

ll 

Input Current at Maximum Input 
Voltage 

T = R = 2 . 0 V, Vcc = max, V| = Vcc MAX 



1 

mA 

l|L 

Logical "0" Input Current 

T = 0.8V, R = 2.0V, V| = 0.4V 


-70 

-200 

mA 

Vc 

Input Clamp Voltage 

T = R = 2 . 0 V, I|n= - 12 mA 


-0.7 

-1.5 

Volts 

•OD 

Output/Input 3-State Current 

T = R = 2.0V 

Vo = 0.4V 



-200 

ma 

Vo = 4.0V 



80 

1 B PORT (B 0 -B 7 ) 1 

V|H 

Logical "1" Input Voltage 

T = 2.0V, R = 0.8V 

2.0 



Volts 

V|L 

Logical "0" Input Voltage 

T = 2.0V, R = 0.8V 

COM'L 



0.8 

Volts 

MIL 



0.7 

VoH 

Logical "1" Output Voltage 

T = 0.8V, R = 2.0V 

Iqh ~ “ 0.4mA 

Vcc-1-15 

Vcc- 0.8 


Volts 

Iqh “ ~ 5.0mA 

2.7 

3.9 


•oh = -10mA 

2.4 

3.6 


VoL 

Logical "0" Output Voltage 

T = 0 . 8 V, R = 2.0V 

•oL = 20mA 


0.3 

0.4 

Volts 

•OL ~ 48mA 


0.4 

0.5 

los 

Output Short Circuit Current 

T = 0.8V, R = 2.0V, Vo = OV 

Vcc = max, Note 2 

-25 

-50 

-150 

mA 

l|H 

Logical "1" Input Current 

T = 2.0V, R = 0.8V, V| = 2.7V 


0.1 

80 

ma 

l| 

Input Current at Maximum Input 
Voltage 

T = R = 2 . 0 V, Vcc = max, Vi = Vcc max 



1 

mA 

111 

Logical "0" Input Current 

T = 2.0V, R = 0.8V, V| = 0.4V 


-70 

-200 

ma 

Vc 

Input Clamp Voltage 

T*R = 2 . 0 V, I|n= - 12 mA 


-0.7 

-1.5 

Volts 

•OD 

Output/Input 3-State Current 

T = R = 2.0V 

Vo = 0.4V 



-200 

ma 

Vo = 4.0V 



200 
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Am2948/Am2949 


DC CHARACTERISTICS (Cont.) 


CONTROL INPUTS T, R 


V|H 

Logical "1” Input Voltage 


2.0 




V|L 

Logical "0" Input Voltage 





0.8 


I2QII 



■a 

l|H 

Logical "1" Input Current 

Vi = 2.7V 


0.5 



l| 

Input Current at Maximum Input 
Voltage 

Vcc= max, V|= Vcc max 





llL 

Logical "0" Input Current 

V| = 0.4V 

mm 




nm 

r 



HRQI 

Vc 

Input Clamp Voltage 

l|N ** - 12mA 



na 


POWER SUPPLY CURRENT | 

Icc 

Power Supply Current 

Am2948 

T * R = 2.0V. V| = 2.0V. Vcc = max 


70 

100 

mA 

T - 0.4V, Vina = ^ = 2 . 0 V, Vcc “ max 


100 

150 

Am2949 

T = R = 2 . 0 V, V| = 0.4V, Vcc “ MAX 


70 

100 

mA 

T =* Vina “ o.4V, R = 2 . 0 V, Vcc = max 


90 

140 


SWITCHING TEST WAVEFORM SWITCHING TEST CIRCUIT 



TC001500 


tr = tf < 10ns Note: C-) includes test fixture capacitance. 

10% to 90% 

Figure A. Propagation Delay from A Port to B Port or from B Port to A Port. 



-H r- ‘PZL TC001490 

WF003120 

tr = tf < 10ns Note: C 4 includes test fixture capacitance. Port input is in 

10% to 90% a fixed logical condition. See AC table. 

Figure B. Propagation Delay to/from Three-State from R to A Port and T to B Port. 
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SWITCHING CHARACTERISTICS (Ta = +25<>C, Vcc = 5 0 V) 

Am2948 

Parameter 

Description 

Test Conditions 

Typ 

Max 

Units 

A PORT DATA/MODE SPECIFICATIONS 

tPDHLA 

Propagation Delay to a Logical " 0 " from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl =1k, R 2 = 5k, Cl =30pF 

8 

12 

ns 

tPDLHA 

Propagation Delay to a Logical ” 1 '' from 

B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl =1k, R 2 = 5k, Ci *=30pF 

11 

16 

ns 

tPLZA 

Propagation Delay from a Logical "O” to 3-State 
from R to A Port 

Bo to By » 2.4V. T = 2.4V (Figure B) 

S 3 = 1, R 5 = 1k, C 4 = 15pF 

10 

15 

ns 

tPHZA 

Propagation Delay from a Logical " 1 " to 3-State 
from R to A Port 

Bo to By = 0.4V, T * 2.4V (Figure B) 

S 3 = 0, R 5 = 1k, C 4 = 15pF 

8 

15 

ns 

tpZLA 

Propagation Delay from 3-State to a Logical "0" 
from R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S 3 = 1, R5»1k, C 4 = 30pF 

20 

27 

ns 

tpZHA 

Propagation Delay from 3-State to a Logical ” 1 " 
from R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S 3 = 0, R 5 = Ik, C 4 = 30pF 

20 

27 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical ”0'' from 

A Port to B Port 


T = 0.4V, Ft = 2.4V (Figure A) | 

Rl = 100U R 2 = Ik, Ci = 300pF 

12 

18 

ns 

Rl = 66712, R 2 = 5k, Ci = 45pF 

8 

12 

ns 

tPDLHB 

Propagation Delay to a Logical ”1'' from 

A Port to B Port 


T = 0.4V, R = 2.4V (Figure A) | 

Rl = 10012, R 2 = Ik, Ci = 300pF 

15 

20 

ns 

Rl = 66712, R 2 = 5k, Ci = 45pF 

9 

14 

ns 

tPLZB 

Propagation Delay from a Logical "0" to 3-State 
from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 

S3 = 1. R 5 = Ik, C 4 = 15pF 

13 

18 

ns 

tPHZB 

Propagation Delay from a Logical ”1" to 3-State 
from T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 

S 3 = 0, R 5 = Ik, C 4 = 15pF 

8 

15 

ns 

tpZLB 

Propagation Delay from 3-State to a Logical "0" 
from T io B Port 


Ao to Ay = 2.4V, R = 2.4V (Figure B) | 
S 3 = 1, R 5 = 10012, C 4 = 300pF 

25 

35 

ns 

S 3 = 1, R 5 = 66712, Ci = 45pF 

18 

25 

ns 

tpZHB 

Propagation Delay from 3-State to a Logical "1" 
from T to B Port 


Ao to Ay = 0.4V. R = 2.4V (Figure B) | 
S 3 = 0, R 5 = Ik, C 4 = 300pF 

25 

35 

ns 

S 3 = 0, R 5 = 5k, C 4 = 45pF 

16 

25 

ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2948 

Parameter 

Description 

Test Conditions 

COMMERCiAL 

Am2948 

MiLiTARY 

Am2948 

H 

Max 

Max 

A PORT DATA/MODE SPECIFICATIONS 

tPDHLA 

Propagation Delay to a Logical 
"0 from B Port to A Port 

T = 2.4V, R = 0.4V (Figure A) 

Rl = 1k, R 2 = 5k, Cl = 30pF 

19 

16 


tPDLHA 

Propagation Delay to a Logical 
"r^from B Port to A Port 


23 

20 

ns 

tpLZA 



21 

18 



Propagation Delay from a Logical 
”1’' to 3-State from R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S 3 = 0, R5=1k, C 4 = 15pF 

21 

18 

iimii 

tpZLA 

Propagation Delay fr^fn 3-State to 
a Logical ”0'' from R to A Port 

Bo to B 7 = 2.4V, T = 2.4V (Figure B) 

S 3 = 1, R 5 = 1k, C 4 = 30pF 

35 

30 

iHli 

tpZHA 

Propagation Delay fropi 3-State to 
a Logical "1" from R to A Port 

Bo to By = 0.4V, T = 2.4V (Figure B) 

S 3 = 0, n 5 = 5k, C 4 = 30pF 

35 

30 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical 
"0" from A Port to B Port 


T = 0.4V, R = 2.4V (Figure A) | 

Rl = lOOn, R 2 = Ik, Cl = 300pF 

29 

24 

ns 

Rl = 66712, R 2 = 5k, Ci = 45pF 

19 

16 

ns 

tPDLHB 

Propagation Delay to a Logical 
"1” from A Port to B Port 


T = 0.4V, R = 2.4V (Figure A) | 

Rl =* 10012, R 2 = Ik, Ci = 300pF 

30 

25 

ns 

Rl = 66712, R 2 = 5k, Ci = 45pF 

22 

19 

ns 

tPLZB 

Propagation Delay from a Logical 
"0" to 3-State from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 

83 = 1 , R 5 = 1 k, C 4 = 15pF 

26 

23 

ns 

tpHZB 

Propagation Delay from a Logical 
”1" to 3-State from T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 

83 = 0 , R 5 = 1 k, C 4 = 15pF 

21 

18 

ns 

tpZLB 

Propagation Delay from 3-State to 
a Logical "0” from T to B Port 


Ao to Ay = 2.4V, R = 2.4V (Figure B) | 
83 = 1, Rs = 10012, C 4 = 300pF 

43 

38 

ns 

83 = 1, R 5 = 66712, C 4 = 45pF 

33 

28 

ns 

tpZHB 

Propagation Delay from 3-State to 
a Logical "1” from T to B Port 


Ao to Ay = 0.4V, R = 2.4V (Figure B) | 
83 = 0 , R 5 = Ik, C 4 = 300pF 

43 

38 

ns 

83 = 0, R 5 = 5k, C 4 = 45pF 

33 

28 

ns 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 
Am2949 


Description Test Conditions 


A PORT DATA/MODE SPECIFICATIONS 


to a Logical ’ 0" from 
to a Logical "1” from 


Propagation Delay 
B Port to A Port 

Propagation Delay 
B Port to A Port 



Propagation Delay from a Logical "0" to 3-State 
from R to A Port 

Bo to By * 0.4V, T * 2.4V (Figure B) 
S 3 * 1, R 5 * Ik, C 4 * 15pF 

Propagation Delay from a Logical "1” to 3-State 
from R to A Port 

Bo to By = 2.4V, T * 2.4V (Figure B) 
S 3 * 0, R 5 = 1 k, C 4 * 15pF 


Propagation Delay 
from R to A Port 


Propagation Delay 
from R to A Port 


Propagation Delay 
A Port to B Port 


Propagation Delay 
A Port to B Port 

Propagation Delay 
from T to B Port 

Propagation Delay 
from T to B Port 


Propagation Delay 
from T to B Port 


Propagation Delay 
from T to B Port 


from 3-State to a Logical "0" 


from 3-State to a Logical 1 


to a Logical "0” 

to a Logical "1” 

from a Logical " 
from a Logical ” 

from 3-State to i 

from 3-State to < 


a Logical "0" Bq to By* 0.4V, T = 2.4V (Figure B) 
S3 = 1. R5*1k, C 4 = 30pF 


Bo to By = 2.4V, T = 2.4V (Figure B) 
S 3 * 1. R 5 = 5k, C 4 = 30pF 


B PORT DATA/MODE SPECIFICATIONS 


T = 0.4V, R * 2.4V (Figure A) | 
' ^'■om Ri = 100U R 2 = 1 k, Ci * 300pF 

Rl = 667a R 2 = 5k, Cl = 45pF 
T = 0.4V, R * 2.4V (Figure A) | 
Rl = lOOq R 2 = 1 k, Ci * 300pF 
Rl = 667a R 2 = 5k, Ci = 45pF 



'0" to 3-State Aq to Ay = 0.4V, R = 2.4V (Figure B) 
_ S 3 * 1, R 5 = 1k, C 4 = 15pF _ 

'1” to 3-State Ao to Ay = 2.4V, R * 2.4V (Figure B) 
S 3 * 0, R 5 * 1 k, C 4 * 15pF 


Ao to Ay = 0.4V, R = 2.4V (Figure B) | 
S 3 = 1, Rs = 100 a C 4 * 300pF 

25 

35 

ns 

S 3 * 1, R 5 = 667a Cl = 45pF 

17 

25 

ns 

Ao to Ay = 2.4V, R = 2.4V (Figure B) ] 
83 * 0 , R 5 * 1 k, C 4 = 300pF 

24 

35 

ns 

S 3 - 0, R 5 * 5k, Ci * 45pF 

17 

25 

ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Am2949 

Parameter 

Description 

Test Conditions 

COMMERCIAL 

Am2949 

MILITARY 

Am2949 

Units 

Max 

Max 

A PORT DATA/MODE SPECIFICATIONS 


mnffljYTiM 

T»2.4V, R = 0.4V (Figure A) 

Rl » 1k, R 2 = 5k. Ci =30pF 

24 

21 

noil 

tpDLHA 

Propagation Delay to a Logical 

"V from B Port to A Port 

T » 2.4V, R = 0.4V (Figure A) 

Rl = 1k, R 2 = 5k, Cl = 30pF 

24 

21 

IDIi 

tPLZA 



21 

18 

ns 


Propagation Delay from a Logical 
"1 to 3-State from R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S 3 = 0, Rs = Ik, C 4 = 15pF 

21 

18 

ns 

tpZLA 


Bo to By = 0.4V, T-2.4V (Figure B) 

S 3 = 1, R5«1k, C 4 = 30pF ' 

35 

30 

ns 

tpZHA 

Propagation Delay frflrn 3-State to 
a Logical ”1" from R to A Port 

Bo to By = 2.4V, T = 2.4V (Figure B) 

S 3 = 0, Rs = 5k, C 4 = 30pF 

35 

30 

ns 

B PORT DATA/MODE SPECIFICATIONS 

tpDHLB 

Propagation Delay to a Logical 
"O" from A Port to B Port 


T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100R R 2 = Ik, Cl = 300pF 

34 

28 

ns 

Rl = 667i2, R 2 = 5k, Ci = 45pF 

25 

22 

ns 

tPDLHB 

Propagation Delay to a Logical 
”1'' from A Port to B Port 


T = 0.4V, R = 2.4V (Figure A) | 

Rl = 100 a R 2 = Ik, Cl = 300pF 

34 

28 

ns 

R-| = 667fi, R 2 = 5k, Ci = 45pF 

25 

22 

ns 

tPLZB 

Propagation Delay from a Logical 
"0" to 3-State from T to B Port 

Ao to Ay = 0.4V, R = 2.4V (Figure B) 

83 = 1 , R 5 = 1k, C 4 = 15pF 

26 

23 

ns 

tpHZB 

Propagation Delay from a Logical 
"1" to 3-State from T to B Port 

Ao to Ay = 2.4V, R = 2.4V (Figure B) 
S 3 -O, R 5 = 1k, C 4 = 15pF 

21 

18 

ns 

tPZLB 

Propagation Delay from 3-State to 
a Logical "0" from T to B Port 


Ao to Ay = 0.4V, R = 0.4V (Figure B) [ 
S 3 = 1, R 5 = 100J2, C 4 = 300pF 

43 

38 

ns 

S 3 = 1, R 5 » 667S2, C 4 = 45pF 

33 

28 

ns 

tPZHB 

Propagation Delay from 3-State to 
a Logical " 1 " from T to B Port 


Ao to Ay = 2.4V, R = 2.4V (Figure B) | 
S 3 = 0 , R 5 = Ik, C 4 = 300pF 

43 

38 

ns 

S 3 = 0, R 5 * 5k. C 4 = 45pF 

33 

28 

ns 
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Am2950-50A/Am2951-51A 

Eight-Bit Bidirectional I/O Ports with Handshake 


DISTINCTIVE CHARACTERISTICS 


• Eight-Bit, Bidirectionai i/0 Port with Handshake- 

Two eight-bit, back-to-back registers store data moving 
in both directions between two bidirectional busses. 

• Register Full/Empty Flags- 

On-chip flag flip-flops provide data transfer handshaking 
signals. 

• 24mA Output Current Sink Capabiiity. 


• Separate Ciock, Clock Enable and Three-State Out¬ 
put Enable for Each Register. 

• Separate, Edge-Sensitive Clear Control for Each 
Flag Flip-Flop. 

• Fast - 

The Am2950A and Am2951A will be 25-30% faster 
than the Am2950 and Am2951. 


GENERAL DESCRIPTION 


The Am2950 and Am2951, members of Advanced Micro 
Devices' Am2900 Family, are designed for use as parallel 
data I/O ports. Two eight-bit, back-to-back registers store 
data moving in both directions between two bidirectional, 3- 
state busses. On chip flag flip-flops, set automatically when 
a register is loaded, provide the handshaking signals 
required for demand-response data transfer. 

Considerable flexibility is designed Into the Am2950/ 
Am2951. Separate clock. Clock Enable and Three-State 
Output Enable signals are provided for each register, and 


edge-sensitive clear inputs are provided for each flag flip- 
flop. A number of these circuits can be used for wider I/O 
ports. Both inverting and non-inverting versions are avail¬ 
able. 

24mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2950/Am2951. 

The Am2950A and Am2951A feature AMD's ion-implanted 
micro-oxide (IMOX^*^) processing. They are plug-in re¬ 
placements for the Am2950 and Am2951 respectively but 
will be approximately 30% faster. 


BLOCK DIAGRAM 



BD002420 BD002421 


Note; The Am2951 provides Inverting data outputs (B 0 - 7 ). 


03581B 
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Am2950-50A/Am2951-51A 


D-28 


CONNECTION DIAGRAM 
Top View 

F-28 


Chip-Pak'*'*''’ 

L-28 



CD004650 



CD004660 


d ^ ^ ^ 



Note; Pin 1 is marked for orientation 
Bi is inverted on Am2951. 


LOGIC SYMBOL 


4 25 20 21 



LS001030 


METALLIZATION AND PAD LAYOUT 


4 3 2 1 28 27 26 25 / 



12 13 14 15 16 17 18 


DIE SIZE 0.107" X 0.138" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2950/50A 

Am2951/51A 



1 Valid Combinations | 

C B 

1—Screening Option 

Am2950/50A 

DC, DCB, DMB 
FMB 

Blank - Standard processing 

Am2951/51A 

LC, LMB, 

B - Burn-In 


XC, XM 

— Temperature (See Operating Range) 




C -Commercial (0®C to +70®C) 
M - Military (-55®C to +125'^C) 


'— Package 

D- 28-pin CERDIP 
F-28-pin flatpak 

L-28-pin leadless chip carrier Valid Combinations 

X-Dice Consult the AMD sales office In your area to 

Device type determine if a device is currently available In the 

8 '-Bit Bidirectional I/O Ports combination you wish. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


AO-7 

I/O 

Eight bidirectional lines carrying the R Register inputs or S Register outputs. 


BO-7 

I/O 

Eight bidirectional lines carrying the S Register inputs or B Register outputs. 

20 

CPR 

1 

The clock for the R Register and FR Flip-Flop. When CER is LOW, data is entered into the R Register and the FR 
Flip-Flop is set on the LOW-to-HIGH transition of the CPR signal. 

21 

Ser 

1 

The Clock Enable for the R Register and FR Flip-Flop. When CER is LOW, data jsentered into the R Register and 
the FR Flip-Flop is set on the LOW-to-HIGH transition of the CPR signal. When CER is HIGH, The R Register and 
FR Flip-Flop hold their contents, regardless of CPR signal transitions. 

19 

OEBR 

1 

The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto 
the BO-7 lines. When OEBR is HIGH, the R Register outputs are in the high-impedance state. 

11 

FR 

0 

The FR Flip-Flop output. 

12 

CLRR 

1 

The clear control for the FR Flip-Flop. The FR Flip-Flop is cleared on the LOW-to-HIGH transition of CLRR signal. 

24 

CPS 

1 

The clock for the S Register and FS Flip-Flop. When CES is LOW, data is entered into the S Register and the FS 
Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. 

23 

CES 

1 

The clock enable for the S Register and FS Flip-Flop. When CES is LOW, data is entered into the S Register and 
the FS Flip-Flop is set on the LOW-to-HIGH transition of the CPS signal. When CES is HIGH, the S Register and 
FS Flip-Flop hold their contents, regardless of CPS signal transitions. 

25 

OEAS 

1 

The output enable forjhe S Register. When OEAS is LOW, the S Register three-state outputs are enabled onto the 
AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 

5 

FS 

0 

The FS Flip-Flop output. 

4 

CLRS 

1 

The clear control for the FS Flip-Flop. The FS Flip-Flop is cleared on the LOW-to-HIGH transition of CLRS signal. 


REGISTER FUNCTION TABLE OUTPUT CONTROL 

(Applies to R or S Register) ,-,-,-- 


OE 

Internal 

Q 

Y-Outputs 

Function 

Am2950 

Am2951 

H 

X 

Z 

Z 

Disable Outputs 

L 

L 

L 

H 

L 

H 

H 

L 

Enable Outputs 


Inputs 

Internal 


D 

CP 


Q 

Function 

X 

X 

H 

NC 

Hold Data 

L 

t 

L 

L 

Load Data 

H 

T 

L 

H 



FLAG FLIP-FLOP FUNCTION TABLE 
(Applies to R or S Flag Flip-Flop) 



Inputs 

CP 

CLR 

F-Output 

Function 

H 

X 


NC 

Hold Flag 

X 

X 

t 

L 

Clear Flag 

L 

T 


H 

Set Flag 


H = HIGH 
L = LOW 
X = Don't Care 
Z = High Impedance 


NC = NO CHANGE 
I = LOW-to-HIGH Transition 
= NO LOW-to-HIGH Transition 
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Am2950-50A/Am2951-51A 


APPLICATIONS 

The Am2950/Am2951 provides data transfer handshaking 
signals as well as eight-bit, bidirectional data storage. Its 
flexibility allows it to be used in any type of computer system, 
including Am2900, 8080, 8085, 8086, Z80, and Z8000 sys¬ 
tems. 

Figure 1 shows an Am2950 used to store data moving in both 
directions between a bidirectional system data bus and a 


bidirectional peripheral data bus. The on-chip Flag flip-flops 
provide the data in, data out handshaking signals required for 
data transfer and interrupt request generation. 

Figure 2 shows a multiple I/O port system using Am2950's. 
Two Am2950's are used at each pprt to interface the 16-blt 
system data bus. The Am2950 flags are used to generate I/O 
Interrupt requests. 



PERIPHERAL 


SYSTEM 

AF001951 


Figure 1. A Bidirectional I/O Port with Handshaking Using the Am2950. 
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AF001960 


Figure 2. Multiple 1/0 Port System. 



5-313 


03581B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am2950-50A/Am2951-51A 





Am2950-50A/Am2951-51A 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature. .-65®C to +150®C 

(Ambient) Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. ..-0.5V to +Vcc max 

DC Input Voltage.....-0.5V to -»-5.5V 

DC Output Current, Into Outputs. .30mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature... .0®C to +70®C 

Supply Voltage..+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature...-55®C to +125'’C 

Supply Voltage...... +4.5V to +5.5V 

Operating ranges define those limits over which the function^ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Am2950/Am2951 


Parameters 


Description 


Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 
Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current __ 

Output Off-state 
Leakage Current 

Output Short Circuit Current 
(Note 3) 


Power Supply Current 
(Notes 4,5) 


Test Conditions (Note 1) 


FR, FS loH=-1mA _ 

MIL, loH=-2mA 

VlL Ao. 7 , Bo .7 coM'L, Ioh= -6.5mA 
FR,FS loL = 12mA 

MIL loL= 16rnA 

V|L Ao.7> Bo. 7 COM'L. loL = 2.4mA 


FR, FS Ic 
Vcc = MIN M 

V|N = V|H or V|L Ao- 7 , 00-7 q 

FR.FS 

Vcc = min M 

V|N = V|H or V|L Ao. 7 > Bo .7 q 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

Vcc = min, Iin = -18mA 


Min 

Typ 

(Note 2) 

Max 

Units 

2.4 

3.4 



2.4 

3.4 


Volts 

2.4 

3.4 




Vcc = MAX,V|n = 0.5V 

Vcc = max, V|n = 2.7V 
Vcc = max, V|n = 5.5V~ 

Vcc = max Ao. 7 . b 
V cc = max 


Ao.7. Bo.7 
CLRR.CLRS 
Others 
Ao.7. Bo.7 
CLRR, CLRS 
Others 

' Vq = 2.4V ~ 

Vo = 0.4V 


Ta = 0°C to -I- 70°C 
Ta= +70°C 

' Tc=-55°Cto -H25X 
Tc= + 125“C 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2 . Typical limits are at Vcc = 5.0V, 25“C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is measured with all inputs at 4.5V and all outputs open. 

5. Worst case Ice is at minimum temperature. 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 


Vcc 



5.0-Vbe-Vol 
Iql + Vql 
1K 


Vcc 



2.4V 



5.0-Vbe- Vql 
Iql + Vql 
R2 


Notes; 1. 
2. 

3. 

4. 


Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 
Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

Si and S 3 are closed while S 2 is open for tpzn test. 

Si and S 2 are closed while S 3 Is open for tpzL test. 

Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2950/2951 (DIP) 


Pin# 

(DIP) 

Pin Labei 

Test 

Circuit 

Ri 

R2 

- 

Ao-7 

A 

220 

1K 


Bo-7 

A 

220 

1K 

5 

FS 

B 


2.4K 

11 

FR 

B 

300 

2.4K 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA In 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100 s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L < OV and V|h > 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 



5-315 


03581B 

Refer to Page 13-1 for Essential Information on Military Devices 


VI.9-I.S63UJV/V0S-0S6SUJV 







Am2950-50A/Am2951-51A 


Am2950A/Am2951A SWITCHING CHARACTERISTICS 

The tables below define the Am2950A/Am2951 A switching characteristics. Tables A are setup and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tibles D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with RL on 
Ai and 61-220^2 and RL on FS and FR = 300^2. CL = 50pF except output disable times which are specified at CL = 5pF. 

Guaranteed characteristics over commercial operating range 

(Ta = 0 to +70"C. Vcc = 4.75 to 5.25V, Cl = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays 


Input 

With 

Respect To 

ts 

th 

AO-7 

CPR 

_r 



BO-7 

CPS 

j- 



CES 

CPS 

JT 



CER 

CPR 

JT 




Input 

AO-7 

BO-7 

FS 

FR 

CPS J~ 





CPR _r 





CLRS _r 





CLRR _r 




■■■ 


C. Recovery Times D. Pulse-Width Requirements 


Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 



CPR 



CLRS 



CLRR 




From 

To 

tREC 

CLRS _r 

CPS _r 


CLRR J” 

CPR _/■ 



E. Enable/Disable Times 


From 

To 

Disable 

Enable 

Oeas 

AO-7 



Uebr 

BO-7 




GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to + 125‘’C, Vcc = 4.5 to 5.5V, Cl = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays 


Input 

AO-7 

BO-7 

FS 

FR 

CPS _r 





CPR _r 





CLRS J" 





CLRR _r 






Input 

With 

Respect To 

ts 

th 

AO-7 

CPR 

_r 



BO-7 

CPS 




Ces 

CPS 

_r 



Uer 

CPR 

j" 
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C. Recovery Times 


D. Pulse-Width Requirements 


From 

To 

tREC 

CLRS _r 

CPS _r 


CLRR _r 

cpR _r 



Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 



CPR 



CLRS 



CLRR 




E. Enable/Disable Times 


From 

To 

Disable 

Enable 

^AS 

AO-7 



OEBR 

BO-7 




Am2950/Am2951 SWITCHING CHARACTERISTICS 

The tables below define the Am2960/Am2951 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are recovery times. Tables D are pulse-width requirements. 
Tables E are enable/disable times. All measurements are made at 1.5V with Input levels at OV or 3V. All values are in ns with RL on 
Ai and Bi = 2200 . and RL on FS and FR = 300r2. CL = 50pF except output disable times which are specified at CL = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to + 70‘»C, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times. 


B. Propagation Delays 








D 

■QM 


'm^Qiiii 

BSHI 

B 

hbhi 

HI' 



B 

HEBBi 

HI' 

liEi3ii 


B 


mil 


Input 



FS 

FR 


*30/26 

- 

20 

- 

CPR J~ 

- 

*30/26 

- 

20 

CLRS J" 

- 

- 

22 

- 

CLRR _r 

- 

- 

- 

22 


C. Recovery Times 


D. Pulse-Width Requirements 


From 

To 

tREC 

CLRS _r 

CPS _r 

31 

CLRR _r 

CPR J“ 

31 


Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 

20 

20 

CPR 

* 20 

20 

CLRS 

20 

20 

CLRR 

20 

20 


E. Enable/Disable Times 


From 

To 

Disable 

Enable 


lUQQI 

22 

27 



22 

27 


*Where two numbers appear, the first Is the Am2950 spec, the second Is the Am2951 spec. 
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Am2950-50A/Am2951-51A 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


(Tc = -55 to +125X. Vce = 4.5 to 5.5V, CL = 50pF) 


A. Set-up and Hold Times. 


B. Propagation Delays 


Input 

With 

Respect To 

ts 

AO-7 

CPR 

_r 

11 

BO-7 

CPS 

j- 

11 

Ces 

CPS 

j~ 

*20/15 

Cer 

CPR 

j~ 

*20/15 


C. Recovery Times 


From 

To 

tREC 

CLRS 

_r 

CPS _r 

34 

CLRR 

_r 

CPR JT 

34 




D. Pulse-Width Requirements 


Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 

20 

20 

CPR 

20 

20 

CLRS 

20 

20 

CLRR 

20 

20 


E. Enable/Disabie Times 


From 

To 

Disable 

Enable 

OEAS 

AO-7 

24 

28 

OEBR 

BO-7 

24 

28 



5-318 


03581B 

Refer to Page 13-1 for Essential Information on Military Devices 






Am2952-52A/Am2953-53A 

Eight-Bit Bidirectional I/O Ports with Handshake 


DISTINCTIVE CHARACTERISTICS 


• Eight-Bit, Bidirectional I/O Port - 

Two eight-bit, back-to-back registers store data moving 
in both directions between two bidirectional busses. 

• Separate Clock, Clock Enable and Three-State Out¬ 
put Enable for Each Register. 

• 24mA Output Current Sink Capability. 


• Inverting and Non-Inverting Versions - 

The Am2952 provides non-inverting data outputs. 
The Am2953 provides inverting data outputs. 

• 24-pin Slim Package 

• Fast - 

The Am2952A and Am2953A will be 25-30% faster 
than the Am2952 and Am2953. 


GENERAL DESCRIPTION 


The Am2952 and Am2953, members of Advanced Micro 
Devices' Am2900 Family, are designed for use as parallel 
data I/O ports. Two eight-bit, back-to-back registers store 
data moving in both directions between two bidirectional, 3- 
state busses. On chip flag flip-flops, set automatically when 
a register is loaded, provide the handshaking signals 
required for demand-response data transfer. 

Considerable flexibility is designed into the Am2952/ 
Am2953. Separate Clock, Clock Enable and Three-State 
Output Enable signals are provided for each register, and 


edge-sensitive clear inputs are provided for each flag flip- 
flop. A number of these circuits can be used for wider I/O 
ports. Both inverting and non-inverting versions are avail¬ 
able. 

24mA output current sink capability, sufficient for most 
three-state busses, is provided by the Am2952/Am2953. 

The Am2952A and Am2953A feature AMD's ion-implanted 
micro-oxide (IMOX^*^) processing. They are plug-in re¬ 
placements for the Am2952 and Am2953 respectively but 
will be approximately 30% faster. 


BLOCK DIAGRAM 



Note: The Am2953 provides inverting data output 


IMOX is a trademark of Advanced Micro Devices, Inc. 


01402B 
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Am2952-52A/Am2953-53A 


CONNECTION DIAGRAM 
Top View 

Am2952 

D>24-SLIM 


ONO Q 

• 

1 

24 

ZD Vcc 


2 

23 

□ Cx 

•■iC 

3 

22 

□ ISmt 

^2 d 

4 

21 

ZD WAITREO 

Ls d 

6 

20 

ZD WAITACK 

Cid 

• 

19 

□ iiUN 

Cad 

7 

19 

ZD ►wi'T 

Cad 

3 

17 

ZD FIRST/LAS? 

C4c: 

9 

19 

□ x, 

8SNC □; 

10 

IS 

dxa 

SSNO 

11 

14 


ONO CZ 

12 

13 

1 Vcc 




CD004820 

Note: Pin 1 

1 is 

marked for orientation 

Bj Is Inverted on Am2953 


LOGIC SYMBOL 

Am2952 


METALLIZATION AND PAD LAYOUT 


17 16 15 




LS001140 


3 4 5 6 7 

DIE SIZE 0.107" X 0.138" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2952/52A 

Am2953/53A 


B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

'—Temperature (See Operating Range) 
G -Commercial (0°C to +70®C) 

M - Military (-55°C to +125®C) 

•—- Package 

D- 24-pin SLIMDIP 
X- Dice 


Valid Combinations 

Am2952/52A 

Am2953/53A 

DC, DCB, DMB 
XC, XM 


Devide type 

8-Bit Bidirectional I/O Ports 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


AO-7 

I/O 

Eight bidirectional lines carrying the R Register inputs or S Register outputs. 


BO-7 

I/O 

Eight bidirectional lines carrying the S Register inputs or R Register outputs. 

10 

CPR 

1 

The clock for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. 

11 

CER 

1 

The Clock Enable for the R Register. When CER is LOW, data is entered into the R Register on the LOW-to-HIGH 
transition of the CPR signal. When C^R is HIGH, the R Register holds its contents, regardless of CPR signal 
transitions. 

9 

5ebr 

1 

The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto 
the BO-7 lines. When OeBR Is HIGH, the R Register outputs are iri the high-impedance state. 

14 

CPS 

' 

The clock for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH transition 
of the CPS signal. 

13 

Ces 

1 

The clock enable for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH 
transition of the CPS signal. When CeS is HIGH, the S Register holds its contents, regardless of CPS signal 
transitions. 

15 

^AS 

1 

The output enable for the S Register. When OEAS Is LOW, the S Register three-state outputs are enabled onto the 
AO-7 lines. When GEAS is HIGH, the S Register outputs are in the high-impedance state. 


REGISTER FUNCTION TABLE 
(Applies to R or S Register) 


Inputs 

Internal 

Q 

Function 

D 

CP 

CE 

X 

X 

H 

NC 

Hold Data 

L 

H 

T 

t 

L 

L 

L 

H 

Load Data 


OUTPUT CONTROL 


OE 

Internal 

Q 

Y-Outputs 

Function 

Am2950 

Am2951 

H 

X 

Z 

Z 

Disable Outputs 

L 

L 

L 

H 

L 

H 

H 

L 

Enable Outputs 
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Am2952-52A/Am2953-53A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature . -65®C to +150*0 Commercial (C) Devices 

Ambient Temperature Under Bias.-55*C to +125*C Temperature .... . 0*C to +70*C 

Supply Voltage to Ground Potential * Supply Voltage . .+ 4.75V to + 5.25V 

continuous . . .-0.5V to + 7.0V Military (M) Devices 

DC Voltage App ed to Outputs For Temperature . -55“C to + 125»G 

Hrgh Output State . -0.5V to + Vcc max g^^pply .^ 5 5^ 

nr Vdtage .. 0.5V to Operating ranges define those limits over which the function- 

DC Output Current, Into Outputs . . 30mA J , guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Ao-7. Bo-Z 

MIL, loH= -2mA 

2.4 

3.4 


Volts 

COM’L, loL= -6.5mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Ao-7 Bq-Z 

MIL, loL=16mA 



0.5 

Volts 

COM'L, loL = 24mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 


2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|N = -18mA 




-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, ViN = 0.5V 

Ao-7. Bo-z 



-250 

mA 

Others 



-360 

pA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Ao-7. Bo-z 



70 

pA 

Others 



20 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 




1.0 

mA 

Iq 

Output Off-state 

Leakage Current 

Vcc = max 

Ao-7. Bo.7 

Vo = 2.4V 



70 

pA 

Vo = 0.4V 



-250 

■sc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 


-30 


-85 

mA 

•cc 

Power Supply Current 
(Notes 4, 5) 

Vcc = max 

COM'L 

Ta = 0 to -I- 70°C 



275 

mA 

Ta= +70“C 



228 

MIL 

Tc= -55 tO + 125‘’C 



309 

Tc= + 125“C 



202 

Notes; 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice is measured with all inputs at 4.5V and all outputs open. 

5. Worst case Ice is at minimum temperature. 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS 



Ri = 


5.0-Vbe-Vol 
Iql + VqL 

1K 


Vcc 



R2 = 


R1 = 


2.4V 

■oh 

s.o-Vbe-Vql 
Iql + Vql 
R2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH fest. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am2952/2953 


Pin# 

(DIP) 

Pin Labei 

Test 

Circuit 

Ri 

R2 


Ao-7 

A 

220 

IK 

1—8 

Bo-7 

A 

220 

IK 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes In Vcc current when the device switches 
may cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 


cable may allow the ground pin at the device to rise by 100 s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or ViH until the noise has settled. AMD recommends using 
V|L <0V and V|h >3.0V for AC tests. 

6 . To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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Am2952-52A/Am2953-53A 


Am2952A/Am2953A SWITCHING CHARACTERISTICS 


The tables below define the Am2952/Am2963A switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made atT .5V with input levels at OV or 3V. All values are in ns with Rl on Aj and Bj = 220f2 and Rl on 
FS and FR = 300f2. Cl = 50pF except output disable times which are specified at CL = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to + yo^^c. Vcc = 4.75 to 5.25V, Cl = 50pF) 

A. Set-up and Hold Times B. Propagation Deiays 



GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Tc = -55 to +125X, Vcc = 4.5 to 5.5V, Cl = 50pF) 

A. Set-up and Hold Times. B. Propagation Delays 


Input 

With 

Respect To 

ts 

th 

Ao-7 

CPR 



Bo-7 -T 

CPS 



ses _r 

CPS 



Cer JT 

CPR 




Input 

Ao-7 

Bo-7 

CPS JT 



CPR 




C. Puise-Width Requirements D. Enabie/Disable Times 


From 

To 

Disable 

Enable 

OEAS 

Ao-7 



OEbr 

Bo-7 




Input 

Min LOW 
Pulse Width 

Min HIGH 
Pulse Width 

CPS 



CPR 
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Am2952/Am2953 SWITCHING CHARACTERISTICS 


The tables below define the Am2952/Am2953 switching characteristics. Tables A are set-up and hold times relative to a clock 
LOW-to-HIGH transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable 
times. All measurements are made at 1.5V with input levels at OV or 3V. All values are in ns with Rl on Aj and Bj = 2200. and Rl on 
FS and FR = 300J2. Cl = 50pF except output disable times which are specified at Cl = 5pF. 


GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to + 70^C, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Set-up and Hold Times 


B. Propagation Delays 


Input 

With 

Respect To 

ts 

th 

Ao-7 

CPR 

7 

5 

Bo-7 

CPS 

7 

5 

CES _F 

CPS 

*19/15 

4 

ser _r 

CPR 

*19/15 

4 


Input 

Ao-? 

Bo-7 

CPS JT 

*30/26 

- 

CPR _r 

- 

*30/26 


C. Pulse-Width Requirements 


D. Enable/Disable Times 



Min LOW 

Min HIGH 

Input 

Pulse Width 

Pulse Width 

CPS 

20 

20 

CPR 

20 

20 


From 

To 

Disable 

Enable 

Seas 

Ao-7 

22 

27 

OEBR 

Bo-7 

22 

27 

the second is the Am2953 

spec. 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc= -55 to +125®C, Vcc = 4.5 *0 5.5V, Cl = 50pF) 


A. Set-up and Hold Times 


B. Propagation Deiays 


Input 

With 

Respect To 

ts 

Ao-7 -T 

CPR 

11 

Bo-7 -T 

CPS 

11 

cEs _r 

CPS 

*20/15 

^R _r 

CPR 

*20/15 


Input 

Ao-7 

Bo-7 

CPS _r 

*35/28 

- 

CPR _r 

- 

*35/28 


C. Pulse-Width Requirements 


D. Enable/Disable Times 



Min LOW 

Min HIGH 

Input 

Pulse Width 

Pulse Width 

CPS 

20 

20 

CPR 

20 

20 


From 

To 

Disable 

Enable 

OEAS 

Ao-7 

24 

28 

OEBR 

Bo-7 

24 

28 


*Where two numbers appear, the first is the Am2962 spec, the second is the Am2953 spec. 
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Am2954/Am2955 


Am2954/Am2955 

Octal Registers with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


• Eight-bit, high-speed parallel registers 

• Am2954 has non-inverting inputs; Am2955 has iriverting 
inputs 

• Positive, edge-triggered, D-type flip-flops 


• Buffered common clock and buffered common three- 
state control 

• VoL = 0-5V (max) at loL = 32mA 

• High-speed — Clock to output 11 ns typical 


GENERAL DESCRIPTION 


The Am2954 and Am2955 are 8 -bit registers built using 
high-speed Schottky technology. The registers consist of 
eight D-type flip-flops with a buffered common clock and a 
buffered 3-state output control. When the output enable 
(OE) input is LOW, the eight outputs are enabled. When the 
OT input is HIGH, the outputs are in the 3-state condition. 


Input data meeting the set-up and hold time requirements 
of the D inputs is transferred to the Y outputs on the LOW- 
to-HIGH transition of the clock input. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20 -pin package. 


BLOCK DIAGRAM 


OUTPUT 

ENABLE 



BD002440 


Inputs Do through D 7 are inverted on the Am2955. 


RELATED PRODUCTS 


Part No. 

Description 

Am29821-26 

8 , 9, 10 -Bit Registers 

Am2918 

Quad D-Register 

Am2920 

Quad D-Type Flip-Flop 
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CONNECTION DIAGRAM 
Top View 


Vcc Y7 Oy Oe Yfi Ys Dj D4 Y4 CP 

nnnnnnnnnn 

[20 19 18 17 16 IS 14 13 12 11 I 


1 23456789 10 I 

U U U □' □ u u u u 

OE Yo Do D, Yi Y2 D2 D3 Y3 GNO 

CD004780 



Note: Pin 1 is marked for orientation 
*F*20 pin configuration identical to D-20, P-20. 


LOGIC SYMBOL 


3 4 7 8 13 14 17 18 


METALLIZATION AND PAD LAYOUT 
Am2954 


Do D, D2 O3 O4 D5 Dg Dy 




Yo Yi Y2 Y3 Y4 Yg Yg Y7 


2 5 6 9 12 15 16 19 

LS000970 

Note: Inputs Dq through D 7 are inverted 
on the Am2955 




DIE SIZE 0.085" X 0.110" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2954/2955 D 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70°C) 

M - Military (-SS^ to +125°C) 

- Package 
D- 20-pin CERDIP 
F-20-pin flatpak 
L-20-pln leadless chip carrier 
P-20-pln plastic DIP 
X- Dice 


Device type 
Octal Registers 


Vaiid Combinations 

Am2954 

Am2955 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am2954/Am2955 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di/Di 

1 

The D flip-flop data inputs (Am2954, non-inverting/Am2955, inverting). 

11 

CP 

1 

Clock Pulse for the register. Enters data on the LOW-to-HIGH transition. 


Yi 

0 

The register three-state outputs. 

1 

m 

' 

Output Control. An active-LOW three-state control used to enable the outputs. A HIGH level input forces the 
outputs to the high impedance (off) state. 


FUNCTION TABLE 





Inputs 


Internal 

Outputs 

Function 

OE 

Clock 

Am2954 

D| 

Am2955 

Di 

Q| 

Y| 

Hi-Z 

H 

L 

X 

X 

NC 

Z 

H 

H 

X 

X 

NC 

z 


L 

T 

L 

H 

L 

L 

LOAD 

L 

T 

H 

L 

H 

H 

REGISTER 

H 

t 

L 

H 

L 

Z 


H 

T 

H 

L 

H 

z 


H = HIGH 
L = LOW 
X = Don't Care 


NC = No Change 
Z = High Impedance 
T = LOW-to-HIGH transition 


APPLICATION 

INCOMiNG DATA BUS 



AF001870 


Dual 16-word by 16-blt non-inverting high-speed data buffer. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

ViN = ViH or ViL 

MIL, loH= -2.0mA 

2.4 

3.4 


Volts 

COM’L, loH= -6.5mA 

2.4 

3.1 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql * 20mA 



.45 

Volts 

Iql “ 32mA 



.5 

V|N 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|N= -18mA 



-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.5V 



-250 

pA 

l|N 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

pA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

loz 

Off-State (High-Impedance) 

Output Current 

Vcc = max 

Vo = 0.5V 



-50 

pA 

Vo = 2.4V 



50 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-40 


-100 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max 


90 

140 

mA 


Notes: 1. For conditions shown as MIN or MAX use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25‘’C ambient and maximum loading, v 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Am2954 measured at CLK = LOW-to-HIGH, OE = HIGH and all data inputs are LOW. 

Am2955 measured at CLK = LOW-to-HIGH, 5 e = HIGH, and all data Inputs are * HIGH, and all data inputs are LOW. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.-65°C to +150®C 

Ambient Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to -f-Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current..-30 to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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Am2954/Am2955 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Am2954 / Am2955 

Units 

Min 

Typ 

Max 

tPLH 

Clock to Output, Yj 

CL=15pF 

Rl = 2600 . 


8 

15 

ns 

tPHL 


11 

17 

ns 

tZH . 

QE to Yi 


8 

15 

ns 

tZL 


11 

18 

ns 

tHZ 

5E to Yj 

Cl=5pF 

Rl = 280^2 


5 

9 

ns 

tLZ 


7 

12 

ns 

tpw 

Clock Pulse Width 

HIGH 

CL=15pF 

RL = 280^2 

6 



ns 

LOW 

7.3 



ns 

ts 

Data to Clock 

5 



ns 

tH 

2 



ns 

fmax 

Maximum Clock Frequency (Note 1) 

75 

100 


MHz 


Note; 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on V, tf, 
pulse width or duty cycle. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am2956/Am2957 

Octal Latches with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• 8 -bit, high-speed parallel latches 

• Am2956 has non-inverting inputs 

• Am2957 has inverting inputs 

• VoL = 0-5V (max) at Iql = 32mA 


• Hysteresis on latch enable input for improved noise 
margin 

• 3-state outputs interface directly with bus organized 
systems 


GENERAL DESCRIPTION 


The Am2956 and Am2957 are octal latches with 3-state 
outputs for bus organized system applications. The latches 
appear to be transparent to the data (data changes 
asynchronously) when latch enable, G, is HIGH. When G is 
LOW, the data that meets the set-up times is latched. Data 
appears on the bus when the output enable, OE, Is LOW. 


When OE is HIGH the bus output is in the high-impedance 
state. 

The Am2956 presents non-inverted data at the outputs 
while the Am2957 is inverting. 

The devices are packaged in a space-saving (0.3-inch row 
spacing) 20 -pin package. 


BLOCK DIAGRAM 


UTCH 

ENABLE 



^ BD002430 


Inputs Do through D 7 are Inverted on the Am2957. 


RELATED PRODUCTS 


Part No. 

Description 

Am29841-46 

8 , 9, 10-Bit Latches 


Copyright ® 1980 by Advanced Micro Devices, Inc. 


03604B 
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Am2956/Am2957 


D-20, P-20 


CONNECTION DIAGRAM 
top View 


L-20-T 


Vcc Y7 D7 Og Vg Yg O5 P 4 Y4 G 

n nn n n n nn n 



TJira TJ □" □ ’□ □ 


OE Vo Do Oi Yz Dz 


D 3 Y 3 QND 

GD004570 



Note; Pin 1 Is marked for orientation 
F-20 pin configuration identical to D-20, P-20. 


LOGIC SYMBOL 


347 8 13 14 17 18 



LS000980 

Note: Inputs Dq through D 7 are inverted 
on the Am2957 


METALLIZATION AND PAD LAYOUT 

Am2956 



DIE SIZE 0.066" X 0.119" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am2956/2957 DOB 

'— Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-56X to +125X) 

— Package 

D-20-pin CERDIP 
F-20-pln flatpak 
L-20-pin leadless chip carrier 
P-20-pin plastic DIP 
X-DIce 

Device type 

Octal Latches with 3-State Outputs 


Valid Combinations 

Am2956 

Am2957 

PC 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di/Di 

1 

The latch data inputs (Am2956, non-inverting/Am2957, inverting). 

11 

G 

1 

The latch enable input. The latches are transparent when G is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 


Vi 

O 

The 3-state latch outputs. 

1 

5E 

1 

The output enable control. When GE is LOW, the outputs Yj are enabled. When ^ is HIGH, the outputs Yj are in 
the high-impedance (off) state. 


FUNCTION TABLES 


Am2956 


Am2957 




1322531 


\m 

B 

B 

IIIIIIIIIQIIIIIII^ 

HBH 

D 

a 

□ 

HBH 

3EH 


n 

B 

B 

bdh 

bhi 



B 

B 

HGH 

HHI 

n 

B 

D 

IIQgil 

mHi 

||||2I^Q^QS2SllillllH 


Inputs 

Internal 

Outputs 

Function 


G 

D| 

Q| 

Yi 

H 

X 

X 

X 

Z 

Hi-Z 

L 

H 

L 

H 

H 

Transparent 

L 

H 

H 

L 

L 

L 

L 

X 

NC 

NC 

Latched 


NC = No Change 
Z = High Impedance 


APPLICATION 



AF001880 


Transparent Latches are used in high performance CPU designs. The Z Latch 
configuration shown provides overlapped fetch of machine instructions and operand data. 
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Am2956/Am2957 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.. 65°C to +150®C 

(Ambient) Temperature Under Bias..-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.....-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to + Vcc ftiax 

DC Input Voltage.... .-0.5V to +5.5V 

DC Output Current, Into Outputs. .30mA 

DC Input Current.-30 to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.....0°C to +70®C 

Supply Voltage.. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature......-55^ to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditons (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = ViH or V|L 

MIL, JoH= -2.0mA 

2.4 

3.4 


Volts 

COM’L, loH= -6.5mA 

2.4 

3.1 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql = 20mA 



.46 

Volts 

Iql = 32mA 



.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

ViL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V, 

Input Clarnp Voltage 

Vcc = min, I|n ~ “18ftiA 



-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.5V 



-250 

(jlA 

l|N 

Input HIGH Current 

Vcc = max, V|N = 2.7V 



50 

MA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

loz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0.5V 



-50 

ma 

Vo = 2.4V 



50 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-40 


-100 

mA 

Icc I 

■ 

Power Supply Current 

(Note 4) 

2956 

Vcc = max 


105 

160 

mA 

2957 


110 

168 


Notes; 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX use the appropiate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded: outputs open. 
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SWITCHING CHARACTERISTICS (Ta = +25^C. Vcc = 5.0V) 

Am2956 

Parameters 

Description 

Test Conditions 


Typ 



tPLH 

Enable to Output 

Cl= 15pF 

Rl « 280n 


7 

14 

ns 

tPHL 


12 

18 

ns 

tPLH 

Data Input to Output 


5 

9 

ns 

tPHL 


9 

13 

ns 

ts(H) 

HIGH Data to Enable 

0 



ns 

ts(L) 

LOW Data to Enable 

0 



ns 

th(H) 

HIGH Data to Enable 

10 



ns 

th(L) 

LOW Data to Enable 

10 



ns 

tpwH 

Enable Pulse Width 

6 



ns 

tpwL 

7.3 



ns 

tZH 

QE to Yj 


8 

15 

ns 

tZL 


11 

18 

ns 

tHZ 

OE to Yj 

Cl = 5pF 

Rl = 280J2 


6 

9 

ns 

tLZ 


8 

12 

ns 

‘Switching Characteristics' performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.ov) 

Am2957 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Enable to Output 

Cl= 15pF 

Rl = 280J2 


17 

24 

ns 

tPHL 


19 

26 

ns 

tPLH 

Data Input to Output 


10 

14 

ns 

tPHL 


14 

20 

ns 

ts(H) 

HIGH Data to Enable 

0 



ns 

ts(l-) 

LOW Data to Enable 

0 



ns 

th(H) 

HIGH Data to Enable 

10 



ns 

th(L) 

LOW Data to Enable 

10 



ns 

tpwH 

Enable Pulse Width 

6 



ns 

tpwL 

7.3 



ns 

tZH 

OE to Yj 


8 

15 

ns 

tZL 


11 

18 

ns 

tHZ 

OE to Yj 

Cl = 5pF 

Rl = 28on 


6 

9 

ns 

tLZ 


8 

10 

ns 
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Am29203 


Am29203 

Four-Bit Bipolar Microprocessor Slice 


DISTINCTIVE CHARACTERISTICS 


• Expandable Register Fii^ - 

The Am29203 includes the necessary "hooks" to 
expand the register file externally to any number of 
registers. 

• Built-in Multiplication Logic - 

Performing multiplication with the Am2901A requires 
a few external gates — these gates are contained 
on-chip in the Am29203. Three special instructions 
are used for unsigned multiplication, two's comple¬ 
ment multiplication and the last cycle of a two's 
complement multiplication. 

• Built-in Division Logic - 

The Am29203 contains all logic and interconnects 
for execution of a non-restoring, multiple-length divi¬ 
sion with correction of the quotient. 


• Built-in Normalization Logic - 

The mantissa and exponent of a floating-point num¬ 
ber can be developed using a single microcycle per 
shift. 

• Built-in Parity Generation and Sign Extension 
Circuitry — 

Can supply parity across the entire ALU outputs 
and provide sign-extension at any slice boundary. 

• BCD Arithmetic - 

The Am29203 features automatic BCD add and 
subtract and conversion between binary and BCD. 

• Two Bidirectional Data Lines 

• Improved I/O Capability - 

Both the DA and DB data buses are bidirectional 
on the Am29203. In addition, the Y port is also bi¬ 
directional. 


GENERAL DESCRIPTION 


The Am29203 is a four-bit expandable bipolar microproces¬ 
sor slice. The Am29203 performs all functions performed 
by the industry standard Am2901 and Am2903A, in addi¬ 
tion, provides a number of significant enhancements that 
are especially useful in arithmetic-oriented processors. 
Infinitely expandable memory and three-port, three-address 
architecture are provided by the Am29203. In addition to its 


complete arithmetic and logic instruction set, the Am29203 
provides a special set of instructions which facilitate the 
Implementation of multiplication, division, normalization, 
BCD arithmetic and conversion, and other previously time- 
consuming operations. The Am29203 has three bidirection¬ 
al ports and features AMD's ion-implanted micro-oxide 
(IMOX^*^) technology. 


BLOCK DIAGRAM 



BD002783 


IMOX is a trademark of Advanced Micro Devices, Inc. 


03594B 


5-336 


Refer to Page 13-1 for Essential Information on Military Devices 




QiOoC 

RC 

DAoC 


U 



?/OVR C 
GNOC 

§/NC 
SIy I }i 


^sCZ 19 

SlOo CZ 2 
siOaC: 2 
2^2 
t»oC 


CONNECTION DIAGRAM 
Top View 


M i 


] IfR 

37pJ WE 

36 ZH ''CC 
36 ZD'. 
34^', 

33 
32 

31 tm ^ 

30 Z3 Ao 

ZI^I 
Z3^2 

A 3 
DB 3 


L-52-1 


§ i 





Note; Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 



LS000961 


7 6543 2 1 48 47 46 45 44 43 



19 20 21 22 GND 23 24 25 26 27 28 29 


DIE SIZE 0.163" X 0.197" 

Note: Pin numbers correspond to DIP package. 
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Am29203 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29203 


C B 

Valid Combinations 

i—Screening Option 


DC, DCB, DMB 

Blank - Standard processing 


FMB 

B - Burn-in 

Am29203 

LC, LMB 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70®C) 
M - Military (-55°C to +125^0) 


L— Package 

D-48-pin CERDIP 
F-48-pin flatpak 
L-52-pin leadless chip carrier 
X - Dice 

Device type 

Bipolar Microprocessor Slice 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry Look-Ahead Generator 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt 

Controller 

Am2917A 

Bus Transceiver 

Am2918 

Pipeline Register 

Am2920 

Octal Register 

Am2922 

Condition Code MUX 

Am2925 

System Clock Generator 

Am2940 

DMA Address Generator 

Am2952 

Bidirectional I/O Port 

Am29707 

Two-Port RAM 

Am27S35 

Registered PROM 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


Ao-3 

1 

Four RAM address inputs which contain the address of the RAM word appearing at the RAM A output port. 


Bo-3 

1 

Four RAM address inputs which contain the address of the RAM word appearing at the RAM B output port and into 
which new data is written when the WE input and the CP input are LOW. 

37 

WE 

1 

The RAM write enable input. If WE is LOW, data at the V I/O port is written into the RAM when the CP input is 
LOW. When WE is HIGH, writing data into the RAM is inhibited. 


DAo-S 

I/O 

A four-bit external data input which can be selected as one of the ALU operand sources; DAq is the least 
significant bit. On the AM29203, the DA path is bidirectional, operating as either an ALU source operand or as an 
external output for the RAM A-port. 

2 

EA 

1 

A control input which, when HIGH selects DA 0-3 as the ALU R operand, and, when LOW, selects RAM output A as 
the ALU R operand and the DAq-s output data. 


DBo.3 

I/O 

A four-bit external data input/output. Under control of the OEB input, RAM output port B can be directly read on 
these lines, or input data on these lines can be selected as the ALU S operand. 

31 

5eb 

1 

A control input which, when LOW, enables RAM output B onto the DB 0.3 lines and, when HIGH, disables the RAM 
output B tri-state buffers. 

10 

Cp 

1 

The carry-in input to the AM29203 ALU. 


l 0-8 

1 

The nine instruction inputs used to select the Am29203 operation to be performed. 

38 

lEN 

1 

The instruction enable input which, when LOW, allows the Q Register and the Sign Compare flip-flop to be written. 
When lEN is HIGH, the Q Register and Sign Compare flip-flop are in the hold mode. On the Am29203, WRITE is 
not affected by lEN, but internally disables the RAM write enable. 

11 

Cn + 4 

0 

This output generally indicates the carry-out of the Am29203 ALU. Refer to Table 5 for an exact definition of this 
pin. 

14 

S/N 

0 

A multi-purpose pin which indicates the carry generate, S, function at the least significant and intermediate slices, 
and generally indicates the sign, N, of the ALU result at the most significant slice. Refer to Table 5 for an exact 
definition of this pin. 

12 

P/OVR 

0 

A multi-purpose pin which indicates the carry propagate, P, function at the least significant and intermediate slices, 
and indicates the conventional two's complement overflow, OVR, signal at the most significant slice. Refer to 
Table 5 for an exact definition of this pin. 

22 

Z 

I/O 

An open-collector input/output pin which, when HIGH, generally indicates the outputs are all LOW. For some 
Special Functions, Z Is used as an input pin. Refer to Table 5 for an exact definition of this pin. 

20 , 21 

SlOo 

SI 03 

I/O 

Bidirectional serial shift inputs/outputs for the ALU shifter. During a shift-up operation, SIOq is an input and Si 03 
an output. During a shift-down operation, SIO 3 is an input and SIOq is an output. Refer to Tables 3 and 4 for an 
exact definition of these pins. 

1,48 

QlOo 

QIO 3 

I/O 

Bidirectional serial shift inputs/outputs for the Q shifter which operate like SIOq and SIO 3 . Refer to Tables 3 and 4 
for an exact definition of these pins. 

39 

ESS 

1 

An input pin which, when tied LOW, programs the chip to act as the least significant slice (LSS) of an Am29203 
array and enables the WRITE output onto the WRITE/MSS pin. When LSS is tied HIGH, the chip is programmed to 
operate as either an intermediate or most significant slice and the WRITE output buffer is disabled. 

40 

W^/ 

M§§ 

I/O 

When LSS is tied LOW, the WRITE output signal appears at this pin; the WRITE signal is LOW when an instruction 
which writes data into the RAM is being executed. When LSS is tied HIGH, WRITE/MSS is an input pin; tying it 
HIGH programs the chip to operate as an intermediate slice (IS) and tying it LOW programs the chip to operate as 
the most significant slice (MSS). 


Yo-3 

I/O 

Four data inputs/outputs of the Am29203. Under control of the OEY input, the ALU shifter output data can be 
enabled onto these lines, or these lines can be used as data inputs when external data is written directly into the 
RAM. 

15 

OEY 

1 

A control input which, when LOW, enables the ALU shifter output data onto the Y 0.3 lines and, when HIGH, 
disables the Y 0-3 three-state output buffers. 

43 

CP 

1 

The clock input to the Am29203. The Q register and Sign Compare flip-flop are clocked on the LOW-to-HIGH 
transition of the CP signal. When enabled by WE, data is written in the RAM when CP is LOW. 

ARCHITECTURE OF THE Am29203 Two-Port RAM 

The Am29203 is a high-performance, cascadable, four-bit Any two RAM words addressed at the A and B address ports 

bipolar microprocessor slice designed for use in CPUs, periph- can be read simultaneously at the respective RAM A and B 

eral controllers, microprogrammable machines, and numerous output ports. Identical data appear at the two output ports 

other applications. The microinstruction flexibility of the when the same address is applied to both address ports. The 

Am29203 allows the efficient emulation of almost any digital latches at the RAM output ports are transparent when the 

computing machine. The nine-bit microinstruction selects the clock input, CP, is HIGH and they hold the RAM output data 

ALU sources, function and destination. The Am29203 is when CP is LOW. Under control of the OEB three-state output 

cascadable with full lookahead or ripple carry, has three-state enable, RAM data can be read directly at the Am2903 DB I/O 

outputs, and provides various ALU status flag outputs. Ad- port. On the Am29203, EA provides the same feature at the 

vanced Low-Power Schottky processing is used to fabricate DA port, 

this 48-pin LSI circuit. 

External data at the Am29203 Y I/O port can be written 

All data paths within the device are four bits wide. As shown in directly into the RAM, or ALU shifter output data can be 

the block diagram, the device consists of a 16-word by 4-bit, enabled onto to Y I/O port and entered into the RAM. Data is 

two-port RAM with latches on both output ports, a high- written into the RAM at the B address when the write enable 

performance ALU and shifter, a multi-purpose Q Register with input, WE, is LOW and the clock input, CP, is LOW. 

shifter input, and a nine-bit instruction decoder. 
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Arithmetic Logic Unit 

The Am29203 high-performance ALU can perform seven 
arithmetic and nine logic operations on two 4-bit operands. 
Multiplexers at the ALU inputs provide the capability to select 
various pairs of ALU source operands. The EA input selects 
either the DA external data inp ut or RAM output port A for use 
as one ALU operand and the OEB and Iq inputs select RAM 
output port B, DB external data Input, or the Q register content 
for use as the second ALU operand. Also, during some ALU 
operations, zeroes are forced at the ALU operand inputs. 
Thus, the Am29203 ALU can operate on data from two 
external sources, from an internal and external source, or from 
two Internal sources. Table 1 shows all p ossibl e pairs of ALU 
source operands as a function of the EA, OEB, and Iq inputs. 


TABLE 1. ALU OPERAND SOURCES 


EA 

*0 

OEB 

ALU Operand R 

ALU Operand S 

L 

L 

L 

RAM Output A 

Ram Output B 

L 

L 

H 

RAM Output A 

DB0.3 

L 

H 

X 

RAM Output A 

Q Register 

H 

L 

L 

DA0.3 

Ram Output B 

H 

L 

H 

DA0.3 

DB0.3 

H 

H 

X 

DA0.3 

Q Register 


L = LOW 
H = HIGH 
X = Don't Care 


TABLE 2. Am29203 ALU FUNCTIONS 


U 

I3 

I2 

h 

lo 

ALU Functions 

L 

L 

L 

L 

L 

Special Functions 

L 

L 

L 

L 

H 

Fi = HIGH 

L 

L 

L 

H 

X 

F 

= S Minus R Minus 1 Plus Cp 

L 

L 

H 

L 

X 

F 

== R Minus S Minus 1 Plus Cn 

L 

L 

H 

H 

X 

F 

- R Plus S Plus Cn 

L 

H 

L 

L 

X 

F 

— S Plus Cn 

L 

H 

L 

H 

X 

F 

“ S Plus Cn 

L 

H 

H 

L 

L 

Reserved Special Functions | 

L 

H 

H 

L 

H 

F 

— R plus Cn j 

L 

H 

H 

H 

L 

Reserved Special Functions | 

L 

H 

"h" 

H 

H 

F 

= R Plus Cn I 

H 

L 

_ 

L 

L 

Special Functions | 

H 

L 


L 

H 

Fi 

= LOW 

H 

L 

L 

H 

X 

Fi 

= R; and Si 

H 

L 

H 

L 

X 

Fi 

= Ri EXCLUSIVE NOR Si 

H 

L 

H 

H 

X 

Fi 

= Ri EXCLUSIVE OR Si 

H 

H 

L 

L 

X 

Fi 

= Ri AND Si 

H 

H 

T~ 

H 

X 

Fi 

= Ri NOR Si 

IT 

■ H 

"fT 

L 

X 

Fi 

= Ri NAND Si 

H 

H 

TT 

H 

X 

Fi 

= Ri OR Si 


L = LOW 
H = HIGH 
i = 0 to 3 
X = LOW or HIGH 


When instruction bits I 4 , I 3 , I 2 , I 1 , and Iq are LOW, the 
Am29203 executes special functions. Table 4 defines these 
special functions and the operation which the ALU performs 
for each. When the Am29203 executes Instructions other than 
the 16 special functions, the ALU operation is determined by 


instruction bits I 4 , I 3 , I 2 , and h. Table 2 defines the ALU 
operation as a function of these four instruction bits. 

Am29203s may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of Am29203s are 
cascaded, each slice must be programmed to be a most 
significant slice (MSS), intermediate slice (IS), or least signifi¬ 
cant slice (LSS) of the array. The carry generate, G, and carry 
propagate, P, signals required for a lookahead carry scheme 
are generated by the Am29203 and are available as outputs of 
the least significant and intermediate slices. 

The Am29203 also generates a carry-out signal, Cp + 4 , which 
is generally available as an output of each slice. Both the 
carry-in, Cp, and carry-out, Cp + 4 , signals are active HIGH. 
The ALU generates two other status outputs. These are 
negative, N, and overflow, OVR. The N output is generally the 
most significant (sign) bit of the ALU output and can be used 
to determine positive or negative results. The OVR output 
indicates that the arithmetic operation being performed ex¬ 
ceeds the available two’s complement number range. The N 
and OVR signals are available as outpjjts of th^ most 
significant sllce._Thus,_the multipurpose G/N and P/OVR 
outputs indicate G and P at the least significant and intermedi¬ 
ate slices, and sign and overflow at the most significant slice. 
To some extent, the meaning of the Cp + 4 , P/OVR, and G/N 
signals vary with the ALU function being performed. Refer to 
Table 5 for an exact definition of these four signals as a 
function of the Am29203 instruction. 

ALU Shifter 

Under instruction control, the ALU shifter passes the ALU 
output (F) non-shifted, shifts it up one bit position (2F), or shifts 
it down one bit position (F/2). Both arithmetic and logical shift 
operations are possible. An arithmetic shift operation shifts 
data around the most significant (sign) bit position of the most 
significant slice, and a logical shift operation shifts data 
through this bit position (see Figure A). SIOq and SIO 3 are 
bidirectional serial shift inputs/outputs. During a shift-up oper¬ 
ation, SIOq is generally a serial shift Input and SIO 3 a serial 
shift output. During a shift-down operation, SIO 3 is generally a 
serial shift Input and SIOq a serial shift output. 

To some extent, the meaning of the SIOq and SIO 3 signals is 
Instruction dependent. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

The ALU shifter also provides the capability to sign extend at 
slice boundaries. Under instruction control, the SIOq (sign) 
Input can be extended through Yq, Yi, Y 2 , Y 3 and propagated 
to the SIO 3 output. 

A cascadable, five-bit parity generator/checker is designed 
into the Am29203 ALU shifter and provides ALU error detec¬ 
tion capability. Parity for the Fq, Fi, F 2 , F 3 ALU outputs and 
SIO 3 input is generated and, under instruction control, is made 
available at the SIOq output. Refer to the Am29203 applica¬ 
tions section for a more detailed description of the Am29203 
sign extension and parity generation/checking capability. 

The instruction inputs determine the ALU shifter operation. 
Table 4 defines the special functions and the operation the 
ALU shifter performs for each. When the Am29203 executes 
instructions other than the special functions, the ALU shifter 
operation is determined by Instruction bits Is, I 7 , le. Is- Table 3 
defines the ALU shifter operation as a function of these four 
bits. 

Q Register 

The Q Register is an auxiliary four-bit register which is clocked 
on the LOW-to-HIGH transition of the CP input. It is intended 
primarily for use in multiplication and division operations: 
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however, it can also be used as an accumulator or holding Double-length arithmetic and logical shifting capability is 

register for some applications. The ALU output, F, can be provided by the Am29203. The double-length shift is per- 

loaded into the Q Register and/or the Q Register can be formed by connecting QIO 3 of the most significant slice to 

selected as the source for the ALU S operand. The shifter at SIOq of the least significant slice, and executing an instruction 

the Input to the Q Register provides the capability to shift the which shifts both the ALU output and the Q register. 

Q Register contents up one bit position (2Q) or down one bit 

position (Q/ 2 ). Only logical shifts are performed. QIOq and ^ register and shifter are controlled by the instruction 

QIO 3 are bidirectional shift serial inputs/outputs. During a Q inputs. Table 4 defines the Am29203 special functions and the 

Register shIft-up operation, QIOq is a serial shift input and operations which the Q register and shifter perform for each. 

QIO 3 is a serial shift output. During a shift-down operation. When the Am29203 executes instructions other than the 

QIO 3 is a serial shift input and QIOq is a serial shift output. special functions, the Q register and shifter operation is 

controlled by instruction bits le, I 7 , le. 's- Table 3 defines the Q 
register and shifter operation as a function of these four bits. 


Figure A. 

Am29203 Arithmetic Shift Path 




c.« J 




0 

S1O3 - 


1 1 1 

__ SIOq 



7~ 

SIO 






Moit 

Significant 

Slice 

DF000780 

Am29203 Logical Shift Path 

Least 

Significant or 
Intermediate Slice 

DF000800 

SIO 


I 1 1 


lOo 


1 1 1 



All 

Slice Positions 

DF000790 

TABLE 3. ALU DESTINATION CONTROL FOR Ig OR h OR I 2 OR I 3 = HIGH, lEN = LOW 

la I7 le I5 

Hex 

Code 

ALU Shifter 
Function 

SIO3 

Y3 

Y2 

Yl 

Yo 

SlOo 


Q Reg & 
Shifter 
Function 

QIO3 

QiOo 

Most Sig. 
Slice 

other 

Slices 

Most Sig. 
Slice 

Other 

Slices 

Most Sig. 
Slice 

Other 

Slices 

WRITE 

L L L L 

■■ 




mm 

Egfl 

SIO 3 

El 

la 

El 

lai 

L 

Hold 

GEBSI 

IQQIII 

L L L H 

1 

Log. F/2^Y 

Input 

Ilift'IW 

Esa 

EgM 

F 3 

El 

m 

El 

lai 

L 


ijjm 

[SS 

L L H L 

2 

Arith. F/2^Y 



WEM 


EEI 

El 

m 

El 

EE 

L 


QQQ 

EM 

L L H H 

3 

Log. F/2-.Y 

Input 

Input 

SIO 3 

S 103 

Bai 

El 

m 

El 

EE 

L 


fssa 

m 

L H L L 

4 

F^Y 




El 

F 2 

El 

la 

El 

QQIQI 

L 

Hold 

QQI 

IQQI 

L H L H 

5 

F-.Y 



F 3 

El 

F 2 

■a 

El 

El 


H 


D3SB!I 

m 

L H H L 

6 

F^Y 



F 3 

El 

F 2 


El 

El 


H 

F-.Q 

ESS 

ES 

L H H H 

7 

F^Y 



F 3 

■a 

F 2 


El 

El 

|^|^[ 

L 

F-.Q 

QQI 

EQ 

H L L L 

8 

Arith. 2F^Y 

F 2 

■a 

F 3 

■a 

Fi 

El 

El 


IQ3IIII 

L 

Hold 


EBI 

H L L H 

9 

Log. 2F-.Y 

F 3 

■a 

F 2 

■a 

F 1 

Fi 

El 



L 

Hold 

ESS 

QQI 

H L H L 

A 

Arith. 2F-.Y 

F 2 

■a 

F 3 

■a 

F 1 

Fi 

IE 

EBB 


L 


EM 

01^29 

H L H H 

B 

Log. 2F-*Y 

F 3 

■a 

F 2 

■a 

Fi 

El 

la 


IBSBI 

L 

Log. 2Q-»Q 

EM 

QJQjJI 

H H L L 

C 

F^Y 


El 


El 


la 

El 

m 

EBSI 

H 

Hold 

BIS 

ESI 

H H L H 

D 

F^Y 

F3 

la 

F3 

El 

F 2 

F 2 

El 

m 

EBI 

H 


n 


H H H L 

E 

SIO 0 -.Y 0 , Yi, 
Y 2 . Y 3 









QQQI 

L 


D 

QQI 

H H H H 

F 

F^Y 

F 3 

la 

_^3_ 

El 

F 2 

F 2 

El 

m 

ESB 

L 

Hold 

GSi 

f!M 

Parity = F 3 V F 2 V V Fq SIO 3 

V = Exclusive OR 

L = LOW 

H = HIGH 

Hi-Z = High Impedance 
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TABLE 4. SPECIAL FUNCTONS (Note 7) 

(Hex) 

IbItIbIs 

U 

(Hex) 

isiahio 

Special 

Function 

ALU Function 

— ^ 

ALU Shifter 
Function 

SIO 3 

SlOo 

Q Reg & 
Shifter 
Function 

QI 03 

QlOo 

WRITE 

Most Sig/ 
Slice 

other 

Slices 

0 

L 

0 

Unsigned Multiply 


IBiiiii 

z 

_ 




Input 

Qo 

L 

1 

L 

0 

BCD to Binary 
Conversion 





Fo 


Input 

Qo 

L 

1 

H 

0 

Multiprecision 

BCD to Binary 

(Note 4) 






Z 

Qo 

L 

2 

L 

0 

Two's Complement 
Multiply 

F = S + CnifZ*=L 

F*R + S + CnifZ = H 

Log F/2 Y 
(Note 2) 

z 


Fo 


Input 

Qo 

L 

3 

L 

0 

Decrement by 

One or Two 

F = S-2 + Cn 

F Y 

z 

z 



Z 

H 

L 

4 

L 

0 

Increment by 

One or Two 

F = S + 1 + Gn 

F Y 

Input 

Input 

Parity 

Hold 

Z 

z 

L 

5 

L 

0 

Sign/Magnitude 
Two's Complement 

F-S + Cn if Z = L 

F = §-i-CnifZ = H 

F Y 
(Note 3) 

Input 

Input 

Parity 

Hold 

z 

z 

L 

6 

L 

0 

Two's Complement 
Multiply, Last 

Cycle 

F = S+ CnifZ = L 

F = S-R-1 -f-Cn if Z = H 

Log F/2 Y 
(Note 2) 

■ Z 

Input 

Fo 

Log Q/ 
2 Q 

Input 

Qo 

L 

7 

L 

0 

BCD Divide 
by Two 

(Note 4) 

F -* Y • 

z 

Z 

Parity 

Hold 

Z 

z 

L 

8 

L 

0 

Single Length 
Normalize 

F - S + Cn 

F Y 

F 3 

F 3 

Z 

Log 2Q 
Q 

Q 3 

Input 

L 

9 

L 

0 

Binary to BCD 
Conversion 

(Note 5) 

Log 2F - Y 

F 3 

F 3 

Input 

Log 2Q 
^ Q 

Q 3 

Input 

L 

9 

H 

0 

Multiprecision 

Binary to BCD 

(Note 5) 

Log 2F Y 

F 3 

F 3 

Input 

Hold 

z 

Input 

L 

A 

L 

0 

Double Length 
Normalize and 

First 

Divide Op 

F = S + Cn 

Log 2F - Y 

R 3 V F 3 

F 3 

Input 

Log 2Q 
Q 

Q 3 

Input 

L 

B 

L 

0 

BCD Add 

F = R + S + CnBCD 
(Note 6 ) 

F Y 

0 

0 

Z 

Hold 

z 

Z 

L 

C 

L 

0 

Two's Complement 
Divide 

F = S + R-^CnifZ = L 
F-=S-R-1 +Cn if Z = H 

Log 2F ^ Y 

R 3 V F 

F 3 

Input 

Log 2Q 
^ Q 

Q 3 

Input 

L 

D 

L 

0 

BCD Subtract 

F = R-S-1 +Cn BCD 
(Note 6 ) 

F Y 

0 

0 

? 

Hold 

z 

Z 

L 

E 

L 

0 

Two's Complement 
Divide Correction 
and Remeiinder 

F = S + R + CnifZ = L 
F»S-R-1 +Cn if Z = H 

F Y 

F 3 

F 3 

Z 

Log 2Q 
^ Q 

Q3 

Input 

L 

F 

L 

0 

BCD Subtract 

F = S-R-1 +Cn BCD 
(Note 6 ) 

F Y 

0 

0 

Z 

Hold 

z 

Z 

L 

Notes; 1. At the most significant slice only, the Cp + 4 signal is internally gated to the Y 3 output. 

2. At the most significant slice only, F 3 V OVR is internally gated to the Y 3 output. 

3. At the most significant slice only, S 3 V F 3 is generated at the Y 3 output. 

4. On each slice, F = S if magnitude of S 0.3 is less than 8 and F^S minus 3 if magnitude of S 0.3 is 8 or greater. 

5. On each slice, F = S if magnitude of S 0-3 is less than 5 and F = S plus 3 if magnitude of S 0-3 is 5 or greater. Addition is module 

16. 

6 . Additions and subtractions are BCD adds and subtracts. Results are undefined if R or S are not in valid BCD format. 

7. The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions. 

L = LOW Hi-Z “ High Impedance 

H = HIGH V = Exclusive OR 

X = Don't Care Parity = SIO 3 V F 3 V F 2 V F-| V Fq 

^3 V h - 

SPECIAL 

FUNCTION - 

Figi 

jre B. Sign Cc 

—orv_ 

impare Flip- 



SIGN 

COMPARE 

DF000760 

Special functions C, D 



1 


Hi 

■ 

ICN - 

— 




The sign compare signal appears at tt 
and E, F. Refer to Table 5. 

le Z output of the most sig 

1 

uring 
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Output Buffers 

The DB, DA, and Y ports are bidirectional I/O ports driven by 
three-state output buffers with external output enable controls. 

The Y output buffers are enabled when the OEY input is LOW 
and are in the high impedance state when OEY is HIGH. The 
DB output buffers are enabled when the OEB input is LOW 
and the DA buffers are enabled when ^ is LOW. 

The zero, Z, pin is an open collector input/output that can be 
wire-OR'ed between slices. As an output it can be used as a 
zero detect status flag and generally indicates that the Yo _3 
pins are all LOW. To some extent the meaning of this signal 
varies with the instruction being performed. Refer to Table 6 
for an exact definition of this signal as a function of the 
Am292 03 in structions. On the Am29203, the Z pin will be 
HIGH if OEY is HIGH, allowing zero detection on less than the 
full word. 

Instruction Decoder 

The Instruction Decoder generates required internal control 
signals as a function of the nine Instr uction inputs, Ip-s; the 
Instru ction Enable input, lEN; the LSS input; and the WRITE/ 
MSS input/output. 

The WRITE output is LOW when an instruction which writes 
data into the RAM is bei ng exec uted. Refer to Tables 3 and 4 
for a definition of the WRITE output as a function of the 
Am29203 instruction inputs. 

On the Am29203, when IB^ is HIGH, the Q register and Sign 
Compare Flip-Flop contents are preserved. When lEN Is LOW, 
the Q register and Sign Compare Flip-Flop can be written 
according to the Am29203 instruction. The Sign Compare Flip- 
Flop is an on-chip flip-flop which is used during an Am29203 
divide operation (see Figure B). On the Am 29203, lEN controls 
internal writing, but does not affect WRITE. The lEN signal can 
then be controlled separately at each chip to facilitate byte 
operations. 

Programming the Am29203 Slice Position 

Tying the LSS input LOW programs the slice t o opera te as a 
least significan t slice (LSS) and enables the WRITE o utput 
signal onto the WRITE/MSS bidirectional I/O pin. When LSS 
is tied HIGH, the WRITE/MSS pin becomes an input pin; tying 
the WRITE/MSS pin HIGH programs the slice to operate as 
an intermediate slice (IS) and tying it LOW programs the s lice 
to operate as a most significant slice (M SS). T he W/M SS pin 
must be tied HIGH through a resistor. W/MSS and L§S should 
not be connected together. 

Am29203 SPECIAL FUNCTIONS 

The Am29203 provides 16 Special Functions which facilitate 
the Implementation of the following operations: 


• Single- and Double-Length Normalization 

• Two's Complement Division 

• Unsigned and Two's Complement Multiplication 

• Conversion Between Two's Complement and Sign/Magni¬ 
tude Representation 

• Incrementation and Decrementation by One or Two 

• BCD add, subtract, and divide by two. 

• Single-and double-precision BCD to Binary and Binary to 
BCD conversion. 

Table 4 defines these Special Functions. 

The Single-Length and Double-Length Normalization functions 
can be used to adjust a single-precision or double-precision 
floating point number in order to bring its mantissa within a 
specified range. 

Three Special Functions which can be used to perform a two's 
complement, non-restoring divide operation are provided by 
the Am29203. These functions provide both single- and 
double-precision divide operations and can be performed in 
"n" clock cycles, where "n" is the number of bits in the 
quotient. 

The Unsigned Multiply Special Function and the two Two's 
Complement Multiply Special Functions can be used to 
multiply two n-bit, unsigned or two's complement numbers, 
respectively. In n clock cycles. These functions utilize the 
conditional add and shift algorithm. During the last cycle of the 
two's complement multiplication, a conditional subtraction, 
rather than addition, is performed because the sign bit of the 
multiplier carries negative weight. 

The SIgn/MagnItude-Two's Complement Special Function can 
be used to convert number representation systems. A number 
expressed in Sign/Magnitude representation can be convert¬ 
ed to the Two's Complement representation, and vice-versa, 
in one clock cycle. 

The Increment by One or Two Special Function can be used to 
increment an unsigned or two's complement number by one 
or two. This is useful In 16-blt word, byte-addressable ma¬ 
chines, where the word addresses are multiples of two. 

The BCD arithmetic special functions can be used to add or 
subtract two BCD numbers and generate a valid BCD result in 
one microcycle. In addition a BCD divide by two adjust 
instruction can be used to obtain a valid BCD representation 
after shifting a number down by one bit. 

The BCD/Binary conversion special function instructions facili¬ 
tate single- and double-precision algorithms to convert from 
BCD to Binary and from Binary to BCD. 

Refer to Am29203 applications section for a more detailed 
description of these Special Functions. 
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_ X(OEY = L) 

Most Sig. I Intermediate I Least Sig. 


G V PCn Cn + 3 V Cp + 4 


Yo Yi Y2 Y3IY0 Y1 Y2 Y3 Yo Yi Y2 Y3 


S Yo Yi Y2Y3 Yo Yi Y2 Y3 Y0Y1 Y2Y3I 


G Yo Yi Y2 Y3 Yo Yi Y2 Y3 Yo Yi Y2 Y3 


G Yo Yi Y2 Y3 Yo Yi Y2 Y3 Yo Yi Y2 Y3 


Yo Yi Y2 Y3 Yo Yi Y2 Y3 


Yo Yi Y2 Y3 Yo Yi Y2 Y3 Yo Yi Y2 Y3 


G Yo Yi Y2 Y3 Yo Yi Y2YilYo Yi Y2 Y3 


Yo Yi Y2 Y3 Yo Yi Y2 Y^Yo Yi Y2 Y3 


YqYi Y2Y3 Yo Yi Y2Y3 YoYi Y2 Y3 


F3 

F3 if Z = L 
F3 V S3 if Z = H 

F3 


G |Yo Yi Y2 Y3IY0 Yi Y2 YilYo Yi Y2 Y3 

S 


G Y0Y1Y2Y3 


Qo ^ Q2 Qi Go Gi Gi G3 Go Gi Gi Q3 


Qo Qi O2 Q3 Qo Qi Q2 Q3 Qo Gi Q2 G3 


G Qo Qi Q2 Q3 Qo Gi Q2 Q3 Qo Qi G? Gi 


.Yo Yi Y2 Y3IY0 Yi Y2 YilYo Yi Y2 Y3 


^ A Si if Z = L 
Ri A Si if Z = H 


^ A Si if Z = L 
Ri A Si if Z = H 


Ri V Si if 
Z = L 
Ri V Si if 
Z = H 


G V PCn Cn + 3 Y Cn + 4 


G V PCn Cn + 3 V Cn + 4 P 


5 ,®fFo;7 '"p"* 'pp^ 


Notes: 1 . If L§S is LOW, Go = So and Gi 2 3 = 0 . If LSS Is HIGH, Gq 1 2 3 = 0 . 

2 . If LS§ is LOW, Po =1 and Pi, 2, 3 “ Si, 2, 3- tSS is HIGH, Pj = Sj 

3 . At the most significant slice, Cn + 4 = Q3 V’ Q2. At other slices, Cn + 4 = G v PCn- 

4. At th£ most si gnifican t slice, Cn + 4 = F3 V F2. At other slices, Cn + 4 = G v PCn- 

5 . Z = Qo ST Si Q3 ^2 F3. 

6. If is LOW, Go = 0 and Gi 2 3“Gi 2 3 - is HIGH, Gq 1 2 3 “Go 1 2 3 - 

7 . If L§S is LOW, Po_= So_ancrPl. ^ 3 ’=jL '^ 1^5 is HIGH, Pq, 1, 2, 3 = 1 - ’ 

8. On all slices P = (Pq + P3) (Po G2) (Pq + Gi + P2). 

j 9. On all slices G = G3 (Gq + Si + P2) (Gq + Gi) (Pi + G2) (P3 + Pi • P 2 ’ ^o)- 


L = LOW = 0 
H = HIGH = 1 

V = OR 
A = AND 

V = EXCLUSIVE OR 

P = P3P2PlPo 

G = G3 V G2P3 G1P2P3 V G0P1P2P3 
Cn + 3 = G2 V G1P2 V G0P1P2 

V CnPoPt P 2 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150®C 

Ambient Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

lOH = - 1 -GmA 
Y 0 -Y 3 .G/N 

2.4 



Volts 

Iqh = - 800pA 

DB 0 - 3 .P/OVR 

SIOn.SIO.'i.QIOn.QIOn, 

2.4 



WRITE, Cn + 4 

•CEX 

Output Leakage Current 
for Z Output (Note 4) 

Vcc = min, Vqh “ 5.5V 

V|N = V|H or V|L 



250 

fxA 

VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Y 0 .Y 1 .Y 2 

Y 3 .Z 

lOL = 20mA(COM'L) 



0.5 

Volts 

IOL= 16mA(MIL) 

DBq.DBi, 

DB 2 ,DB 3 

IOL = 12mA(COM'L) 



0.5 

lOL = 8.0mA(MIL) 

G/N 

Iql = 18mA 



0.5 

P/OVR 

•OL = 10mA 



0.5 

Cn + 4 .WRITE 

SIOa.QlOo 

QIO 3 .SIO 0 

Iql = 8.0mA 



0.5 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs (Note 6 ) 

2.0 



Volts 

ViL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs (Note 6 ) 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0 . 5 V 

(Note 4) 

Cn 



-3.6 

mA 

Y 0 .Y 1 .Y 2 .Y 3 



-1.13 

I 0 .I 1 .I 2 .I 3 .I 4 

DAq.DAi ,DA 2 ,DA 3 



-0.72 

SIOo.SIOs.QlOo,^^ 

Q 103 ,DBo.DBi, 

DB 2 .DB 3 



-0.77 

All other inputs 



-0.36 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 
(Note 4) 

Cn 



200 


Yo.Yi,Y2.Y3 



110 

I 0 -I 4 .DA 0 -DA 3 



40 

SIOo.SI 03 .N^ 

QIO 3 .DB 0 - 3 , 

QlOo 



90 

All other inputs 



20 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Parameters 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 

Max 

Units 

l| 

Input HIGH Current 

Vcc = MAX, V|n = 5.5V 



1.0 


lOZH 

lOZL 

Off State 

(HIGH Impedance) 

Output Current 

Vcc = MAX. 
(Note 4) 

V 0 -Y 3 




IQQII 





biesi 

DBo.a,QIOn.QIOft 
SIOo,SI03,WRITE/ 




90 





•os 

Output Short Circuit 

Current (Note 3) 

Vec = I^AX + 0.5V 

Vo = 0.5V 





Ice 

Power Supply Current 
(Note 5) 

Vec = IVAX 

COM'L 

Ta = 0 to 70X 





Ta = 70^0 




MIL 

Tc= -55 to 125®C 




Tc= 125X 





Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified 

under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc=5.0V, 25‘’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short 
circuit test should not exceed one second. 

4. Y 0 . 3 , DB 0 . 3 , SIOo, 3 , QIOo, 3 , and WRITE/MSS are three state outputs internally 
connected to TTL’ inputs. Z is an open-collector output internally connected to a 
TTL input. Input characteristics are measured under conditions such that the 
outputs are in the OFF state. 

5. Worse case Ice is at minimum temperature. 

6 . Three Input levels provide zero noise immunity and should only be static tested 
in a noise-free environment (not functionally tested). 
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Vcc GWD l 7 Is l 4 >3 >0 DAi DA 3 WE 
I 36 I 13 I 33 I 3S I 9 I 8 1 42 I 4 | 6 | 37 


Vcc = 5.0V Vcc -H h ■ ■■*■■ —*“ 

Frequency = 10OkHz 
Ta = +125°C 

All registers are 1/4 watt ±6% 

This circuit conforms to MIL-STD-883, Methods 1005 and 1015, Condition D. 
One Am9316 Can Drive Maximum of Five Am29203s. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1.Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current when the device switches 
may cause erroneous function failures due to Vqc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground cable 


may allow the ground pin at the device to rise by 100s of 
millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach Vil 
or V|H until the noise has settled. AMD recommends using 
ViL<0V and V|h> 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function and AC tests as three distinct groups 
of tests. 

6. To assist in testing AMD, offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs, under license. 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 

OUTPUTS 


Vcc 



5.0 - Vbe - VoL 
«OL + VoL 


Vcc 




TC001420 


R 2 


2.4V 

•oh 


Rl = 


5.0-VbE-Vol 

lOL + VoL 


R 1 = 


5.0-Vql 
lOL 


1K 


R2 


Notes: 1. Cl * 50pF includes scope probe, wiring and stray capacitances without device in hand in test 
fixture. 

2. Si, S 2 , S 3 are closed during function test and all AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl * 5.0pF for output disable tests. 


TEST OUTPUT LOADS FOR Am29203 


Pin# 

Pin Label 

Test 

Circuit 

Ri 

R2 

1 

QlOo 

A 

458 

IK 

11 

Cn + 4 

B 

478 

3K 

12 

P/OVR 

B 

383 

3K 

14 

G/N 

B 

212 

1.5K 

16-19 

Yo-3 

A 

241 

IK 

20 

SlOo 

A 

458 

IK 

21 

SIO3 

A 

458 

IK 

22 

Z 

C 

281 

- 

23-26 

DB 0.3 

A 

458 

IK 

40 

write/mSs 

A 

458 

IK 

48 

QI03 

A 

458 

IK 


For additional information on testing, see section 
"Guidelines on Testing Am2900 Family Devices." 
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Am290203 GUARANTEED COMMERCIAL RANGE PERFORMACE 

The Am290203 switching characteristics are a function of the mode of the devices. The data has been condensed onto the 
power supply voltage, the temperature, and the operating tables below. 


INDEX TO SWITCHING TABLES 


Table 

Data Type 

Conditions 

Applicable To 

A 

Clock and Write Pulse 

4.75 to 5.25V, 0 to 70°C 

All Functions 

B 

Enable/Disable Times 

4.75 to 5.25V, 0 to 70°C 

All Functions 

C 

Setup and Hold Times 

4.75 to 5.25V, 0 to 70X 

All Functions 

I-2 

Combinational Delays 

4.75 to 5.25V, 0 to 70®C 

Standard and Increment/Decrement by 1 or 2 

I-3 

Combinational Delays 

4.75 to 5.25V, 0 to 70‘^C 

Multiply Instructions 

I-4 

Combinational Delays 

4.75 to 5.25V, 0 to 70®C 

Divide Instructions 

I-5 

Combinational Delays 

4.75 to 5.25V, 0 to 70‘’C 

BCD Instructions 

I-6 

Combinational Delays 

4.75 to 5.25V, 0 to 70'’C 

Sign Magnitude to Two's Complement Conversion 

I-7 

Combinational Delays 

4.75 to 5.25V, 0 to 70"C 

Single Length Normalization 


Am29203 Guaranteed Commercial 
Range Performance 

The tables below specify the guaranteed performance of the 
Am29203 over the commercial operating range of 0 to + 70®C, 
with Vcc 4.75 to 5.25V. All data are in ns, with inputs 
switching between 0 and 3V at 1V/ns and measurements 
made at 1.5V. All outputs have maximum DC load. 

TABLE A. CLOCK AND WRITE PULSE 
CHARACTERISTICS 
ALL FUNCTIONS 


COMBINATIONAL PROPAGATION DELAYS 
Cl = 50pF 

1-2 STANDARD AND INCREMENT/DECREMENT BY ONE OR TWO INSTRUCTIONS 



To 

From 

Y 

Cn + 4 

G, P 

Z 

N 

OVR 

DA, DB 

WR 

QlOo, 3 

SlOo 

SIO 3 

SlOo 

Parity 

A, B Addr 

67 

55 

52 

74 

64 

71 

30 

- 

- 

44 

62 

84 

DA. DB 

58 

50 

44 

65 

54 

60 

- 

- 

- 

35 

59 

68 

Cn 

30 

18 

- 

35 

26 

26 

- 

- 

- 

21 

27 

40 

•s-o 

64 

64 

50 

72 

59 

62 

- 

34 

26 

48 

62 

74 

CK 

58 

42 

43 

61 

54 

60 

21 

- 

21 

35 

54 

65 


33 

- 

41 

40 

36 

44 

- 

- 

- 

40 

40 

44 

SlOo, 3 

23 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

19 


Minimum Clock LOW Time 

30ns 

Minimum Clock HIGH Time 

30ns 

Minimum Time CP and WE 
both LOW to Write 

15ns 


TABLE B. ENABLE/DISABLE TIMES 
ALL FUNCTIONS 


From 

To 

Enable 

Disable 

OEY 

Y 

25 

21 

OEB 

DB 

25 

21 

EA 

DA 

25 

21 

l8 

SIO 

25 

21 

•e 

QIO 

38 

38 

•8765 

QIO 

38 

38 

I 432 IO 

QIO 

38 

38 

LSS 

WR 

25 

21 


Note: Cl = 5pF for output disable tests. Measure¬ 
ment is made to a 0.5V change on the 
output. 
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TABLE C. SET-UP AND HOLD TIMES ALL FUNCTIONS 


HIGH>to-LOW 


LOW-to-HtGH 


Tpwl 


With Respect to 


Set-up 


Set-up 


Hold 


Comments 


CP 


Store Y in RAM/Q 


WE HIGH 


Tpwl 


Prevent Writing 


WE LOW 


Write into RAM 


A, B Source 


CP 


20 


Don't Care 


Don't Care 


Latch Data from RAM Out 


B Destination 


Tpwl 


Write Data into B Address 


QlOo, 3 


CP 


Don’t Care 


Don’t Care 


Shift Q 


18765 


CP 


Tpwl 


lEN HIGH 


CP 


24 


Tpwl 


Prevent Writing into Q 


lEN LOW 


CP 


Don't Care 


Don't Care 


21 


Write into Q 


U3210 


CP 


24 


Tpwl 


Note: 1. The internal Y-bus to RAM set-up condition will be met 5ns after valid Y output (OEY = 0). 

1-5 BCD INSTRUCTIONS (SF 1, SF 7, SF 9, SF B, SF D, SF F) 


From 

To 

Slice 

Y 

Cn + 4 

G, P 

z 

N 

OVR 

DA 

DB 

WR 

QIO 

siOo 

S103 

SIO 

Parity 

A, B Addr 

MSS 

77 

55 

- 

72 

68 

68 

30 

- 

- 

44 

62 

84 

IS 

77 

55 

61 

72 

- 

- 

30 

- 

- 

44 

62 

84 

LSS 

77 

55 

61 

72 

- 

- 

30 

- 

- 

44 

62 

84 

DA, DB 

MSS 

61 

50 

- 

65 

58 

59 

- 

- 

- 

35 

59 

68 

IS 

61 

50 

49 

65 


- 

- 

- 

- 

35 

59 

68 

LSS 

61 

50 

49 

65 

- 

- 

- 

- 

- 

35 

59 

68 

Cn 

MSS 

36 

23 

- 

35 

33 

33 

- 

- 

- 

29 

34 

40 

IS 

36 

23 

- 

35 

- 

- 

- 

- 

- 

29 

34 

40 

LSS 

36 

23 

- 

35 

- 

- 

- 

- 

- 

29 ' 

34 

40 

>8-0 

MSS 

72 

64 

- 

72 

59 

62 

- 

- 

26 

48 

62 

74 

IS 

72 

64 

60 

72 

- 

- 

- 

- 

26 

48 

62 

74 

LSS 

72 

64 

60 

72 

- 

- 

- 

34 

26 

48 

62 

74 

. 

CK 

i 

MSS 

68 

52 


68/29'' 

64 

60 

21 

- 

21 

35 

54 

65 

IS 

68 , 

52 

55 

68/29'' 

- 

- 

21 

- 

21 

35 

54 

65 

LSS 

68 

52 

55 

68/29'' 

- 

- 

21 

- 

21 

35 

54 

65 

1 

z i 

i 

MSS 

- 


- 

- 

- 

- 

- 

- 

- 


- 

- 

IS 

- 

1 

1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

LSS 

- 


- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

lEN 

Any 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

SIOo-3 



■BH 

HHH 

■BH 

■BB 

BBBI 

BBH 

BBB 

BBH 

BBB 

- 

- 


Note 1: Binary to BCD and multiprecision Binary to BCD Instructions only. 


BCD to Binary conversion (SF 1) 
BCD divide by two (SF 7) 


Binary to BCD conversion (SF ! 
BCD add (SF B) 


BCD substract (SF D, SF F) 
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Guaranteed Combinational Delays 

Ta = 0 to +70“C, Vcc = 4.75 to 5.26V 

1-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6) 

From 

To 


■ 


G, P 

Z 




m 




A, B Addr 

MSS 

67 

55 

- 

- 

64 

71 

30 

- 

- 

44 

- 

IS 

67 

55 

52 

- 

- 

- 

30 

- 

- 

. 44 

- 

LSS 

67 

55 

52 

- 

- 

- 

30 

- 

- 

44 

- 

DA, DB 

MSS 

59 

50 

- 

- 

54 

60 

- 

- 

- 

35 

- 

IS 

58 

50 

44 

- 

- 

- 

- 

- 

- 

35 

- 

LSS 

58 

50 

44 

- 

- 

- 

- 

- 

- 

35 

- 

Cn 

MSS 

34 

18 

- 

- 

26 

26 

- 

- 

- 

21 

- 

IS 

30 

18 

- 

- 

- 

- 

- 

- 

- 

21 

- 

LSS 

30 

18 

- 

- 

- 

- 

- 

- 

- 

21 

- 

l8-0 

MSS 

104 

76 

- 

- 

90 

96 

- 

- 

26 

68 

- 

IS 

91 

76 

74 

- 

- 


- 

- 

26 

68 

- 

LSS 

91 

76 

74 

31 

- 

- 

- 

34 

26 

68 

- 

CK 

MSS 

62 

42 

- 

- 

54 

60 

21 

- 

21 

35 

- 

IS 

58 

42 

43 

- 

- 

- 

21 

- 

21 

35 

- 

LSS 

95 

79 

79 

29 

- 

- 

21 

- 

21 

71 

- 

Z 

MSS 

72 

50 

- 

- 

64 

64 

- 

- 

- 

42 

- 

IS 

66 

50 

50 

- 

- 


- 

- 

- 

42 

- 

LSS 

- 

- 

- 

- 

- 

_ 

- 

- 


- 

- 

lEN 

Any 

- 

- 

- 

- 

- 

- 

- 

- 


- 

- 

SIOo_3 

Any 

23 

- 

- 

- 

- 

_ 

- 

- 


- 

- 

Unsigned Multiply Two’s Complement Multiply Two's Complement Multiply Last Cycle 

SF 0: F = S + Cn if Z = L SF 2: F = S + Cn if Z = L SF 6 ; F = S + Cn if Z = L 

F = S + R + CnifZ = H F = R + S + CnifZ = H F = S-R- 1 + Cn if Z = H 

Y 3 = Cn - 1 - 4 (MSS) Y 3 = F 3 V OVR (MSS) Y 3 * OVR V F 3 (MSS) 

Z = Qo (LSS) Z = Qo (LSS) Z = Qq (LSS) 

Guaranteed Combinational Delays 

Ta = 0 to +70“C, Vcc = 4.75 to 5.25V 

1-2 STANDARD AND INCREMENT/DECREMENT 

BY ONE OR TWO INSTRUCTIONS (SF 3 and SF 4) 

From 

To 

Y 

Cn + 4 

G, P 

z 

N 

OVR 

DA, DB 

WR 

QlOo, 3 

SlOo 

SIO 3 

SlOo 

Parity 

A, B Addr 

67 

55 

52 

74 

64 

71 


- 

- 



84 

DA, DB 

58 

50 

44 

65 

54 

infill 

- 

- 

- 

|||||||||[| 

lEBI 

68 

Cn 

30 

18 

- 

35 

26 

l^ll 

- 

- 

- 

wm 

■■ 

■ai 

l8-0 

64 

64 

50 

72 

59 


- 




HQHI 

wm 

CK 

58 

42 

43 

61 

54 

60 

21 

- 


[H91 


HI 


33 

- 

41 

40 

36 

44 

- 

- 

- 

40 

40 

44 

SIOq, 3 

23 

- 

- 

29 

- 

- 

- 

- 

- 

- 

29 

mm 

Decrement SF3: F = S - 2 + Cp Increment SF4: F = S + 1 + Cn 
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Guaranteed Combinational Delays 
TA = b to +70“C, Vcc = 4.75 to 5.25V 
1-6 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5) 


From 

To 

Slice 

Y 

Cn-i- 4 

G, P 

z 

N 

OVR 

DA 

DB 

WR 

QIO 

Si5 

SlOo 

Parity 

A.B Addr 

MSS 

98 

88 

- 

42 

97 

104 

30 


- 

- 

132 

IS 

67 

55 

52 

^ - 

- 

- 

30 

- 

- 

- 

84 

LSS 

67 

55 

52 

- 

- 

- 

30 

_ 

- 

- 

84 

DA, DB 

MSS 

93 

83 

- 

37 

92 

99 

- 


- 

- 

127 

IS 

58 

50 

44 

- 

- 

- 

- 

- 

- 

- 

68 

LSS 

58 

50 

44 

- 

- 

- 

- 

- 

- 

- 

68 

Cn 

MSS 

30 

18 

- 

- 

29 

26 

- 


- 

- 

40 

IS 

30 

18 

- 

- 

- 

- 

- 

- 

- 

- 

40 

LSS 

30 

18 

- 

- 

- 

- 

- 

- 

- 


40 

>8-0 

MSS 

89 

73 

- 

28 

91 

84 

- 

- 

- 

- 

118 

IS 

86 

73 

72 

- 

- 

- 

- 

- 

- 

- 

96 

LSS 

86 

73 

72 

- 

- 

- 

- 

34 

- 

- 

96 

CK 

MSS 

96 

82 

- 

36 

89 

98 

21 

- 

- 

- 

126 

IS 

58 

42 

43 

- 

- 

- 

21 

- 

- 

- 

65 

LSS 

58 

42 

43 

- 

- 

- 

21 

- 

- 

- 

65 

z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

62 

46 

44 

- 

- 

- 

- 

- 

- 

- 

90 

LSS 

62 

46 

44 

- 

- 

- 

- 

- 

- 

- 

90 

m 


- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

SIOo-3 

HEBSI 

HBB 

■BH 

HBB 

BBB 

- 

- 

- 

- 

- 

- 

- 


SF 5: 

F = S + Cn if Z = L 

F = § + Cn if Z = H 

Y3 = S3 V F3 (MSS) 

Z = S 3 (MSS) 
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Guaranteed Combinational Delays 
Ta = 0 to +70‘^C, Vcc = 4.76 to 5.25V 
1-4 DIVIDE INSTRUCTIONS (SF A, SF C, SF E) 


From 

To 

Slice 

Y 

Cn + 4 

G, P 

z 

N 

OVR 

S103 

DA, DB 

Q103 

WR 

SIO 

Parity 

A, B Addr 

MSS 

67 

55/60^ 

- 

74 

64 

71 

30 

- 

- 

62 

- 

IS 

67 

55 

52 

74 

- 

- 

30 

- 

- 

62 

- 

LSS 

67 

56 

52 

74 

- 

- ^ 

30 

- 

- 

62 

- 

DA, DB 

MSS 

58 

50/65^ 

- 

65 

54 

60 

- 

- 

- 

59 

- 

IS 

58 

50 

44 

65 

- 


- 

- 


59 

- 

LSS 

58 

50 

44 

65 

- 

- 

- 

- 

- 

59 

- 

Cn 

MSS 

30 

18/41^ 


35 

26 

26 

- 

- 

- 

30/27^ 

- 

IS 

30 

18 

- 

35 

- 

- 

- 

- 

- 

27 

- 

LSS 

30 

18 

- 

35 

- 

- 

- 

- 

- 

27 

- 

•e-o 

MSS 

80/55'' 

75 

- 

47V312 

77 

77 

- 

- 

26 

90771^ 

- 

IS 

80/55^ 

75 

- 

47I 

- 

- 

- 

- 

26 

85/52^ 

- 

LSS 

80/55^ 

75 

- 

47^ 

- 

- 

- 

34 

26 

85/52^ 

- 

CK 

MSS 

58V892 

50V732 

- 

61''7292 

54V922 

60''7922 

21 

- 

21 

872/54^ 

- 

IS 

58 

42 

43 

61^ 

- 

- 

21 

- 

21 

54 

- 

LSS 

58 

42 

43 

61^ 

- 

- 

21 

- 

21 

54 

- 

Z 

MSS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IS 

61 

44 

46 

- 

- 

- 

- 

- 

- 

58 

- 

LSS 

61 

44 

46 

- 

- 

- 

- 

_ 

- 

58 

- 

IEn 

Any 

BDH 

bdh 

IBHI 


mm 

mmii 


mill 

flBII 

hh 


SIOo-3 


HEH 


- 

- 

- 

- 

- 

- 

- 

- 

1 


Notes: 1. Only 1st divide and normalization. 

2. Only two’s complement divide and two's complement divide correction. 

Double Length Normalize and First Divide Op 

SF A: F = S + CN 

N » Fa (MSS) 

SIO 3 « Fa V Ra (MSS) 

Cn + 4«F3 V Fa (MSS), 

OVR - i^MSS)_ 

z = Qo ^ Q2 Q3 Fq Fi Fa Fa 

Two's Complement Divide 

SF C: F = R + S + Cn if Z = L 

F = S-R-1+Cn if Z = H 
SlO a = Fa ^ Ra (MSS) 

Z = Fa V Ra (MSS) from previous cycle 

Two's Complement Divide Correction and Remainder 

SF E: F = R + S + Cn if Z » L 

F- S-R-1 + Cn if Z = H 
Z *= Fa Ra (MSS) from previous cycle 
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Am29803A 

16-Way Branch Control Unit 


DISTINCTIVE CHARACTERISTICS 


• 16 separate instructions ~ 2, 4, 8 or 16-way branch in 
one microprogram execution cycle 

• Four individual test inputs 

• Advanced Low-Power Schottky processing 


• Four individual outputs for driving the four OR inputs on 
the Am2909A Microprogram Sequencer 

• Provides maximum branch capability in a microprogram 
control unit using the Am2909 


GENERAL DESCRIPTION 


The Am29803A is a Low-Power Schottky processed device 
that provides 16-way branch control when used in conjunc¬ 
tion with the Am2909A Microprogram Sequencer. 

The device features 16 instructions that provide all combi¬ 
nations of simultaneous testing of four different inputs. The 
device has four outputs that are used to drive the four OR 
inputs of the Am2909A Microprogram Sequencer. 

The "zero” instruction inhibits the testing of any of the four 
test (T) inputs. The remaining 15 instructions are used to 


test combinations of 1, 2, 3 or 4 of the T inputs simulta¬ 
neously. If one T input is being tested, the Am29803A will 
select one of two possible addresses. If two T inputs are 
being tested, the device will select one of four possible 
addresses. If three T inputs are being tested, the device will 
select one of eight possible addresses. If all four T inputs 
are being tested, the device will select one of sixteen 
addresses as the field used to drive the OR inputs of the 
Am2909A. 


BLOCK DIAGRAM 



03648A 
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Am29803A 


CONNECTION DIAGRAM 
Top View 

Die 

Pie 

F-ie* 


Vcc >3 0^2 OE^ 0R3 OR2 OR, ORq 

nnnnnnnn 

16 14 13 12 11 10 0 


2 3 4 5 6 7 

'LJUULJLJUUUV 

'2 *1 >0 Tg To T, T2 GND 

CD004790 


*F-16 pin configuration identical to D-16, P16. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


$874 



ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number Is formed by a combination of the following: 
Device number, speed option (If applicable), package type, operating range and screening option (if desired). 


Am29803A D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 

C -Commercial (0®C to +70®C) 

M - Military (-55°C to +125X) 

— Package 

D-16-pln CERDIP 
F- 16-pin flatpak 

P-16-pin plastic DIP Valid Combinations 

Consult the AMD sales office In your area to 
Device type determine if a device is currently available in the 

16-Way Branch Control Unit combination you wish. 


Valid Combinations 

Am29803A 

PC 

DC, DCB, DMB 
FMB 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

3, 2 

1, 15 

lo. h. 

• 2 . I 3 

1 

The four instruction inputs to the device. 

5, 6 

7, 4 

To. Ti, 

T2. T3 

1 

The four test inputs for the device. 

9, 10, 11, 

12 

ORq, 0R-| 

OR 2 , OR 3 

0 

The four outputs of the device that are connected to the four OR inputs of the Am2909. ^ 

13, 14 

SEi, 5E2 

1 

Output Enable. When either OE input is HIGH, the OR) outputs are in the high impedance state. When 
both the 5 Ei and 5 E 2 inputs are LOW, the OR outputs are enabled and the selected data will be 
present. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined 
as 20AiA measured at 2.7V HIGH and -0.36mA 
measured at 0.4V LOW. 


Pin 

No.'s 

input/ 

Output 

input 

Load 

Output 

HIGH 

Output 

LOW 

MIL COM'L 

1 

•2 

0.5 

- 

- 

2 

li 

0.5 

- 

- 

3 

>0 

0.5 

- 

- 

4 

T 3 

0.5 

- 

- 

5 

To 

0.5 

- 

- 

6 

Ti 

0.5 

- 

- 

7 

T2 

0.5 

- 

- 

8 

GND 

- 

- 


9 

ORo 

- 

100 

44 44 

10 

OR 1 

- 

100 

44 44 

11 

OR 2 

- 

100 

44 44 

12 

OR 3 

- 

100 

44 44 

13 

0 E 1 

0.5 

- 

- 

14 

5 E 2 

0.5 

- 

- 

15 

I 3 

0.5 

- 

- 

16 

Vcc 

- 

- 

- 
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FUNCTION TABLE 

Function 

I3 I2 >1 *0 

T3 T2 Ti To 

OR3 OR2 OR1 ORo 

No Test 

L L L L 

X X X X 

L L L L 

, 

Test To 

L L L H 

X X X L 

X X X H 

L L L L 

L L L H 

Test Ti 

L L H L 

X X L X 

X X H X 

L L L L 

L L L H 

Test To & Ti 

L L H H 

X X L L 

X X L H 

X X H L 

X X H H 

L L L L 

L L L H 

L L H L 

L L H H 

Test T 2 

L H L L 

X L X X 

Xx H X X 

L L L L 

L L L H 

Test To & T 2 

L H L H 

X L X L 

X L X H 

X H X L 

X H X H 

. L L L L 

L L L H 

L L H L 

L L H H 

Test Ti & T 2 

L H H L 

X L L X 

X L H X 

X H L X 

X H H X 

L L L L 

L L L H 

L L H L 

L L H H 

Test To, Ti & T 2 

L H H H 

X L L L 

X L L H 

X L H L 

X L H H 

X H L L 

X H L H 

X H H L 

X H H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

Test T 3 

H L L L 

L X X X 

H X X X 

L L L L 

L L L ‘ H 

Test To & T 3 

H L L H 

L X X L 

L X X H 

H X X L 

H X X H 

L L L L 

L L L H 

L L H L 

L L H H 

Test Ti & T 3 

H L H L 

L X L X 

L X H X 

H X L X 

H X H X 

L L L L 

L L L H 

L L H L 

L L H H 

Test Tq, T| & T 3 

H L H H 

L X L L 

L X L H 

L X H L 

L X H H 

H X L L 

H X L H 

H X H L 

H X H H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

Test T 2 & T 3 

H H L L 

L L X X 

L H X X 

H L X X 

H H X X 

L L L L 

L L L H 

L L H L 

L L H H 

Test To, T 2 & T 3 

H H L H 

L L X L 

L L X H 

L H X L 

L H X H 

H L X L 

H L X H 

H H X L 

H H X H 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

Test Tt, T 2 & T 3 

H H H L 

L L L X 

L L H X 

L H L X 

L H H X 

H L L X 

H L H X 

H H L X 

H H H X 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

N 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature..-65®C to + 150®C 

Ambient Temperature Under Bias_-55°C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..-0.5V to +Vcc max 

DC Input Voltage...-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN. loH =-2.0mA 

V|N = V|H or V|L 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, Iql = 16 mA 

V|N = V|H or V|L 



0.45 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.45V 


-0.010 

- 0.250 

mA 

l|H 

Input HIGH Current 

Vcc “ max, V|n = 2.7V 



25 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 

Vcc = max, VouT = O.OV (Note 2) 

-20 

-40 

-90 

mA 

Icc 

Power Supply Current 

All inputs *= GND 

Vcc = max 


95 

130 

mA 

V| 

Input Clamp Voltage 

Vcc = min. I|N = -18mA 



-1.2 

Volts 

>CEX 

Output Leakage Current 

Vcc = max 

VC5T * 2.4V ' 

Vo = 4.5V 



40 

ma 

Vo = 2.4V 



40 

Vo = 0.4V 



-40 

C|N 

Input Capacitance 

V|N = 2.0V @ f = 1 MHz (Note 3) 


4 


PF 

Gout 

Output Capacitance 

VoUT = 2.0V @ f = MHz (Note 3) 


8 



Notes: 1. Typical limits are at Vcc “ 5.0V and Ta = 25°C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested, but are periodically sampled. 


SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5 0 V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Ij to ORi 



25 

35 


tPHL 



ns 

tPLH 

Tj to ORj 

Cl= 15pF 

Rl = 2.0kn 


25 

35 


tPHL 


ns 

tZH 

0Ei to ORj 


* 

15 

18 


tZL 



ns 

tHZ 

OEj to ORj 

Cl = 5.0pF 

RL = 2.0kn 


15 

18 


tLZ 


ns 


OPERATING RANGES 

Commercial (C) Devices 

Temperature...0®C to + 70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage ..+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am29811A 

Next Address Control Unit 


DISTINCTIVE CHARACTERISTICS 


• Next address control unit for the Am2911A Micropro¬ 
gram Sequencer 

• 16 next address instructions 

• Test input for conditional instructions 


• Separate outputs to control the Am2911A, an indepen¬ 
dent event counter, and a mapping PROM/branch 
address interface 

• Advanced Low-Power Schottky technology 


GENERAL DESCRIPTION 


The Am29811A is a Low-Power Schottky device designed 
specifically for next address control of the Am2911A 
Microprogram Sequencer. The device contains all outputs 
required to control a high-performance computer control 
unit or a structured state machine design using micropro¬ 
gramming techniques. 

Sixteen instructions are available by using a four-bit instruc¬ 
tion field lo_ 3 . In addition, a test input is available such that 
conditional instructions can be performed based on a 
condition code test input. 


The full instruction set consists of such functions as 
conditional jumps, conditional jump-to-subroutine, condi¬ 
tional return-from-subroutine, conditional repeat loops, con¬ 
ditional branch to starting address, and so forth. 

One Am29811A can be used to control any number of 
Am2911A Microprogram Sequencers. The Am2911A Se¬ 
quencer is a four-bit slice itself. Thus, one Am29811A Next 
Address Control Unit and three Am2911A Microprogram 
Sequencers can be used to build a powerful, microprogram 
sequencer capable of controlling 4k words of microprogram 
memory. 


BLOCK DIAGRAM 



P = Pass 
F = Fail 
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CONNECTION DIAGRAM 
Top View 

Die 

Pie 

F-ie* 



*F-16 pin configuration identical to D-16, P-16. 
Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29811A D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55X to + 125°C) 

— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 

Device type 

Next Address Control Unit 


Valid Combinations 

Am29811A 

PC 

DC, DCB, DMB 
FMB 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am29811A 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

11, 12 

13, 14 

lo. h 

I 2 .I 3 

I 

The four instruction inputs to the Am29811A. 

10 

TEST 

I 

The condition code input to the device. When the test input is LOW, the device assumes the test has failed. When 
the test input is HIGH, the device assumes the condition code required has been met; the test has passed. 

6 

Counter 

Load 

0 

This output is used to drive the parallel load input of an Am25LS2569 up/down counter. 

7 

Counter 

Enable 

0 

This output is used to drive the counter enable input of an Am25LS2569 up/down counter. 

1 

Map 

Enable 

0 

This output is used to control the three-state outputs of the mapping PROM or PLA used to provide the initial 
starting address for each machine instruction. 

9 

Pipeline 

B?ibii 

0 

This output is used to control the three-state output of the pipeline register (Am2918) containing the branch 
address for the computer control unit. 

3 

FE File 

Enable 

0 

This output is used to drive the file enable input of the Am2911. When the file enable output is LOW, a stack 
operation will take place. 

2 

PUP 

0 

Push/Pop. The PUP output is used to drive the push/pop input of the Am2911 Microprogram Sequencer. When 
the PUP output is HIGH, a push will take place when the file is enabled. When the PUP output is LOW, a pop will 
take place when the file is enabled. 

5, 4 

So. Si 

0 

These two outputs are used to drive the Sq and Si inputs to the Am2911 Microprogram Sequencer. These outputs 
control whether the direct input, the register, the microprogram counter, or the stack is selected as the source of 
the next address for the microprogram memory. 


GUARANTEED LOADING RULES 
OVER OPERATING RANGE (In Unit Loads) 


A Low-Power Schottky TTL Unit Load is defined as 
20juA measured at 2.7V HIGH and -0.36mA measured 
at 0.4V LOW. 






Output I 


input/ 

input 

Output 


LOW 

Pin No.'s 

Output 

Load 

HIGH 

MIL 

COM'L 

1 

MAP E 

- 

100 

44 

44 

2 

PUP 


100 

44 

44 

3 

FE 


100 

44 

44 

4 

Si 

- 

100 

44 

44 

5 

So 

- 

100 

44 

44 

6 

CNT LOAD 


100 

44 

44 

7 

CNT E 


100 

44 

44 

8 

GND 

- 

- 

- 

- 

9 

plTe 

- 

100 

44 

44 

10 

TEST 

0.5 

- 

- 

- 

11 

lo 

0.5 

- 

- 

- 

12 

ll 

0.5 

- 

> 

- 

13 

I 2 

0.5 

- 

- 

- 

14 

>3 

0.5 


- 

- 

15 

OE 

- 

100 

44 

44 

16 

Vcc 

- 

- 

- 

- 
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INSTRUCTION TABLE 

MNEMONIC 

I 3 

I 2 

ll 

•o 

INSTRUCTION 

J2 

CJS 

JMAP 

CJP 

PUSH 

JSRP 

CJV 

JRP 

RFCT 

RPCT 

CRTN 

CJPP 

LDCT 

LOOP 

CONT 

JP 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

U 

H 

H 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

Jump to Address Zero. 

Conditional Jump-to-Subroutine with Jump Address in Pipeline Register. 

Jump to Address at Mapping PROM Output. 

Conditional Jump to Address In Pipeline Register. 

Push Stack and conditionally load counter. 

Jump-to-Subroutine with starting address conditionally selected from Am2911 R-Register or 
Pipeline Register. 

Conditional Jump to Vector Address. 

Jump to Address conditionally selected from Am2911 R-Register or Pipeline Register. 

Repeat Loop if counter is not equal to Zero. 

Repeat Pipeline Address if counter is not equal to Zero. 

Conditional Return-from-Subroutine. 

Conditional Jump to Pipeline Address and Pop Stack. 

Load Counter and continue. 

Test end of Loop. 

Continue to next address. 

Jump to Pipeline Register Address. 

Am29811A FUNCTION TABLE 


INPUTS 

OUTPUTS 

MNEMONIC 

INSTRUCTION 

I 3 I 2 h >0 

FUNCTION 

TEST 

INPUT 

NEXT 

ADDR 

SOURCE 

FILE 

COUNTER 

MAP-E 


JZ 

L 

L 

L 

L 

JUMP ZERO 

X 

D 

HOLD 

LL* 

H 

L 

CJS 

L 

L 

L 

H 

COND JSB PL 

L 

H 

PC 

D 

HOLD 

PUSH 



B 

JMAP 

L 

L 

H 

L 

JUMP MAP 

X 

D 

HOLD 

HOLD 

L 

H 

CJP 

L 

L 

H 

H 

COND JUMP PL 

L 

H 

PC 

D 

HOLD 

HOLD 

HOLD 

HOLD 

H 

H 

L 

L 

PUSH 

L 

H 

L 

L 

PUSH/COND LD CNTR 

L 

H 

PC 

PC 

PUSH 

PUSH 

HOLD 

LOAD 

H 

H 

L 

L 

JSRP 

L 

H 

L 

H 

COND JSB R/PL 

L 

H 

R 

D 

PUSH 

PUSH 

HOLD 

HOLD 

H 

H 

L 

L 

CJV 

L 

H 

H 

L 

COND JUMP VECTOR 

L 

H 

PC 

D 

HOLD 

HOLD 

HOLD 

HOLD 

H 

H 

H 

H 

JRP 

L 

H 

H 

H 

COND JUMP R/PL 

L 

H 

R 

D 

HOLD 

HOLD 

HOLD 

HOLD 

H , 
H 

L 

L 

RFCT 

H 

L 

L 

L 

REPEAT 

LOOP,CNTR=AO 

L 

H 

F 

PC 

HOLD 

POP 

DEC 

HOLD 

H 

H 

L 

L 

RPCT 

H 

L 

L 

H 

REPEAT PL, CNTR=A0 

L 

H 

D 

PC 

HOLD 

HOLD 

DEC 

HOLD 

H 

H 

L 

L 

CRTN 

H 

L 

H 

L 

COND RTN 

L 

H 

PC 

F 

HOLD 

POP 

HOLD 

HOLD 

H 

H 

L 

L 

CJPP 

H 

L 

H 

H 

COND JUMP PL & POP 

L 

H 

PC 

D 

HOLD 

POP 

HOLD 

HOLD 

H 

H 

L 

L 

LDCT 

H 

H 

L 

L 

LOAD CNTR & 
CONTINUE 

X 

PC 

HOLD 

LOAD 

H 

L 

LOOP 

H 

H 

L 

H 

TEST END LOOP 

L 

H 

F 

PC 

HOLD 

POP 

HOLD 

HOLD 

H 

H 

L 

L 

CONT 

H 

H 

H 

L 

CONTINUE 

X 

PC 

HOLD 

HOLD 

H 

L 

JP 

H 

H 

H 

H 

JUMP PL 

X 

D 

HOLD 

HOLD 

H 

L 

H = HIGH 

L = LOW 

X = Don't Care 




DEC 
*LL = 

= Decrement 

Special Case 
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Am29811A TRUTH TABLE 




INPUTS 

OUTPUTS 

MNEMONIC 

FUNCTION 






NEXT AODR 
SOURCE 

FILE 

COUNTER 





I3 

h 

h 

Iq 

TEST 

Si 

So 

FE 

PUP 

LOAD EN 

MAP E 

PL E 


PIN NO. 

14 

13 

12 

11 

10 

4 

5 

3 

2 

6 

7 

1 

9 

JZ 

JUMP ZERO 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

L 



L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

CJS 

COND JSB PL 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 



L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

JMAP 

JUMP MAP 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 



L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

CJP 

COND JUMP PL 

L 

L 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 



L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

PUSH 

PUSH/COND LD CNTR 

L 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

L 



L 

H 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

JSRP 

COND JSB R/PL 

L 

H 

L 

H 

L 

L 

H 

L 

H 

H 

H 

H 

L 



L 

H 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

CJV 

COND JUMP VECTOR 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 



L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

JRP 

COND JUMP R/PL 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 



L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

RFCT 

REPEAT LOOP, CTR=A0 

H 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

H 

L 



H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

RPCT 

REPEAT PL, CTR = 0 

H 

"T 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

L 



H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

CRTN 

COND RTN 

H 

L 

H 

L 

L 

L 

L 

H 

L 

H 

H 

H 

L 



H 

L 

H 

L 

H 

H 

L 

L 

L 

H 

H 

H 

L 

CJPP 

COND JUMP PL & POP 

H 

T" 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

L 



H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

L 

LDCT 

LD CNTR & CONTINUE 

H 

"IT 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

L 



H 

H 

L 

L 

H 

L 

L 

H 

H 

L 

H 

H 

L 

LOOP 

TEST END LOOP 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

H 

L 



H 

H 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

CONT 

CONTINUE 

H 

~ 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 



H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

JP 

JUMP PL 

H 


H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 



H 

H 

H 

H 

H' 

H 

H 

H 

H 

H 

H 

H 

L 


H = HIGH 
L = LOW 
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Atli29811A 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature...... - 65®C to +150®C 

Ambient Temperature,Under Bias.....-65®C to +126®C 

Supply Voltage to Ground Potential (Pin 16 to Pin 8) 

Continuous ........-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State....~0.5V to +Vcc niax 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs......30mA 

DC Input Current.-30mA to + 5.0mA 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to + 70®C 

Supply Voltage......+4.75V to +5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage...+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 




VoH 

Output HIGH Voltage 

Vcc - MIN, lOH “ ~2.0mA 

V|N“V|HOrV|L 

D 




VOL 

Output LOW Voltage 

Vcc- min, loL-16mA 

V|N - V|H or V|L 




Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 




Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc - max, V|n - 0.45V 


-0.010 


mA 

l|H 

Input HIGH Current 

Vcc - max. V|N-2.7V 




WEMl 

I| 

Input HIGH Current 

Vcc - max. V|n « 5.5V 



■El 

mA 

isc 

Output Short Circuit Current 

Vcc “ max, Vout “ O.OV (Note 2) 


-40 

-90 

mA 

Icc 

Power Supply Current 

All inputs *GND 

Vcc - max 



115 

mA 

V| 

Input Clamp Voltage 

Vcc = min, l|N---18mA 



-1.2 

BS3BI 

ICEX 

Output Leakage Current 

Vcc - max 

VC§-2.4V 

Vo “ 4.5V 



m 


Vo - 2.4V 



wm 

Vo - 0.4V 



BQI 

C|N 

Input Capacitance 

V|n* 2.0V @ f- MHz (Note 3) 


4 


B 

Gout 

Output Capacitance 

VouT - 2.0V @ f» 1 MHz (Note 3) 


8 



Notes: 1. Typical limits are at Vcc “ 5.GV and Ta * 25®C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested but are periodically sampled. ^ 


LOW-POWER SCHOTTKY INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



IC000090 


Note: Actual current flow direction shown. 
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SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5 0V) 


Parameters 

Description 

tPLH 


tPHL 

Ij to Any Output 

tPLH 


tpHL 

Test to Any Output 

tZH 


tZL 

5E to Any Output 

tHZ 


tLZ 

^ to Any Output 


Test Conditions 


Cl= 15pF 
Rl = 2.0kl2 


Cl = 5.0pF 
Rl = 2.0ka 


Min 

Typ 

Max 

Units 


25 

35 

ns 


25 

35 

ns 


15 

20 

ns 


15 

20 

ns 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

tpLH 


PHL 

Ij to Any Output 

tPLH 


tpHL 

Test to Any Output 

tZH 


tZL 

OE to Any Output 

tHZ 


tLZ 

SE to Any Output 


Cl= 15pF 
Rl = 2.0kS2 


COMMERCIAL 

MILITARY 

Min 

Max 

Min 

Max 


40 


50 


40 


50 


25 


30 


25 


30 
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Am29100 High-Performance Controller Products 

Application Note 


INTRODUCTION 

MICROPROGRAMMING; BEST FOR 
COMPUTERS, BEST FOR CONTROLLERS 

Microprogramming, long the preferred approach for com¬ 
puter design, offers lots of advantages In controllers as 
well. The ease with which the functions of a micropro¬ 
grammed controller can be enhanced and modified made 
the original 2900 Family popular for many disk, printer and 
communications controllers. The high-speed operation of 
these microprogrammed systems makes it possible to 
handle higher data rates from newer peripheral devices and 
to build intelligence into the controller. 

But the original 2900 products are architecturally oriented 
toward computers, with design features optimized for 
arithmetic functions and short sequences of microinstruc¬ 
tions. MOS processors are good choices for many low- 
speed applications, but when the demand for speed and 
Intelligence goes up, they cannot keep pace. Controllers 
need something better: the 29100 Family. 

The 29100 Family products have been designed from the 
ground up with peripheral control applications in mind. They 
are fast; they are optimized for bit-manipulation, character 
handling, data communication and long, sophisticated mi¬ 
croprograms; and they are designed to work together In a 
system. 

FAST LIKE YOU'VE NEVER HAD 

The central element of our new high-speed controller family 
is the Am29116 - a 16-bit bipolar microprocessor. It’s not a 
slice - it's a complete 16-bit processor, with three-input 
ALU, 32 scratchpad registers, an accumulator, data latch, 
barrel shifter, priority encoder and status register with 
conditional code generation logic. But the Am29116 is far 


more than a very fast number cruncher - it's been 
optimized for controller-oriented applications. Its instruction 
set has instructions often needed in controllers that are not 
available in any other processor. 

A WHOLE FAMILY OF FAST LSI 
CONTROLLER PARTS 

There's more to our controller family than just the 
Am29116. A new sequencer, the Am29112, has been 
expressly designed for 10MHz microprogram control, with 
features like real-time interrupt servicing and deep subrou¬ 
tining. Rapid internal data transfer is handled by the 
Am2940 DMA Address Generator and by the Am2950 
handshaking I/O port. The Am9520 Burst Error Processor 
will provide a solution for error correction on disk reads. 
Now, more than ever, the 2900 Family is the better solution 
for high data rate and highly Intelligent control problems. 

TYPICAL CONFIGURATION USING THE 2900 
CONTROLLER FAMILY 

A typical intelligent controller configuration is shown below. 
The basic controller consists of the Am29116, a micropro¬ 
gram control unit and a high-speed buffer memory. Each 
microinstruction includes: a 16-bit instruction field to the 
Am29116, next-microinstruction selection bits, control for 
the buffer memory, control for the interface circuits and 
possibly an 8- or 16-blt data field. 

Interface circuits like the Am2940 and Am2950 are used to 
provide DMA and to pass data between the controller and 
the host computer. Other circuits are used to interface to 
the peripheral. In this example, a disk interface is shown 
with a serial-parallel converter, a FIFO and a burst error 
processor. Controllers for other peripherals use identical 
hardware except for the peripheral interface itself. 


HIGH-PERFORMANCE INTELLIGENT CONTROLLER 



CONTML OATA 


BD002680 
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Am29112 


Am29112 

A High-Performance 8-Bit Slice Microprogram Sequencer 


DISTINCTIVE CHARACTERISTICS 


Expandable 

8-bit Slice, cascadabie up to 16-bits 

Deep stack 

A 33 deep on-chip stack is used for subroutine link¬ 
age, interrupt handling and loop control. 

Hold feature 

A hold pin facilitates multiple sequencer implementa¬ 
tions. 


• Interruptible at the microprogram level 

Two kinds of interrupts: maskable and unmaskable. 

• Powerful loop control 

When cascaded, two counters can act as a single 
16-bit counter or two independent 8-bit counters. 

• Powerful addressing modes 

Features direct, multiway, multiway relative and pro¬ 
gram counter relative addressing. 


GENERAL DESCRIPTION 


The Am29112 is a high performance interruptible micropro¬ 
gram sequencer intended for use in very high speed 
microprogrammed machines and optimized for the new 
state-of-the-drt ALU's and other processing components. 

The Am29112 is designed to operate in 10MHz micropro¬ 
grammed systems. 

It has an instruction set featuring relative and multiway 
branching, a rich variety of looping constructs, and provi¬ 
sion for loading and unloading the on-chip stack. 


Interrupts are accepted at the microcycle level and ser¬ 
viced in a manner completely transparent to the interrupted 
microcode. 

APPLICATION NOTES REFERENCE 

- Microprogrammed CPU using Am29116 

- An intelligent fast disk controller 

“ Am29116 architecture speeds pixel manipulation in 
interactive bit-mapped graphics 


BLOCK DIAGRAM 



BD002190 


Figure 1. Am29112 in a Single Pipelined System. 
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RELATED PRODUCTS 


Part No. 

Description 

Am29116 

A 16-Blt Bipolar Microprocessor 

Am2904 

Status and Shift Control Unit 

Am2910A 

Microprogram Controller 

Am29114 

Vectored Priority Interrupt Controller 

Am2925 

System Clock Generator and Driver 

Am2940 

DMA Address Generator 

Am2942 

Programmable Timer/Counter/DMA 

Am2950/ 

51/52/53 

8-Bit Bidirectional I/O Port 

Am29118 

8-Bit Bidirectional I/O Port/Accumulator 
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PIN DESCRIPTION 



Description 


Bidirectional data input for direct input to address multiplexer, counter and other control registers and stack output. 


Bidirectional microprogram address bus outputs microprogram address and inputs interrupt vector. 


Multiway input pins for up to 16-way branches. 


When this signal is high, the Y bus is three-stated and the carry-in to the program counter incrementer is forced low. 
Also, the CMUX output is selected at the incrementer input 


Test input for the sequencer. (See Table 2.) 


Test enable for the sequencer. (See Table 2.) 
Polarity input for test. (See Table 2.) 
instruction input. 


Mode control input. Select one of three modes: normal, extended or forced continue. (See Table 1.) 
Indicates stack overflow or underflow. 

Unmaskable interrupt request input 
Maskable interrupt request input. 

Disable for maskable interrupts. 


Maskable interrupt acknowledge. 


Programs the least significant chip when high, most significant chip when low. 

Reset input. Selects zero as the next microprogram address, resets the stack pointer and interrupt logic, and disables 
maskable interrupts. 

Clock input. 

Bidirectional adder I/O line for cascaded Am29112s. 

Bidirectional program counter I/O line for cascaded Am29112s. 
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edges the request via the MINTA pin. Upon receiving the 
acknowledge, the priority interrupt control puts out the en¬ 
coded priority of the interrupt, which is transla ted to a vector 
by the vector mapping PROM. The MINTA output of the 
Am29112 turns on the PROM output and simultaneously turns 
off the Y port, enabling the interrupt vector onto the micropro¬ 
gram address bus. In the Am29112, internal states are 
automatically saved on the stack while the interrupt vector Is 
transmitted through the Y port and incremented to form the 
next microprogram address. 

The emergency detect circuit generates an unmaskable inter¬ 
rupt request upon power failure or stack error. On receiving an 
unmaskable Interrupt, the sequencer branches to the unmask¬ 
able interrupt routine; the address of this routine is stored on 
the Am29112 in the INTVECT register. Detailed Interrupt 
handling is discussed in a later section. 
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PRODUCT OVERVIEW 

The Am29112 is designed for use in single-level pipelined 
systems. A typical configuration is shown in Figure 2. 

Branch addresses, constants for the various registers, and 
stack pointer values are supplied to the Am29112 through the 
D port which is bidirectional to allow the stack to be unloaded 
onto an external LIFO. The next address generated by the 
sequencer is output on the Y port and directly drives the 
microprogram memory. A single register at the output of the 
microprogram memory contains the microinstruction being 
executed, while the next is being fetched. External conditions 
are applied to the input of the Am29112 via the condition 
code MUX and also to the multiway inputs. 

A vectored priorit y interru pt controller generates a prioritized 
interrupt request (MINTR) to the Am29112, which acknowl¬ 
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configuration; finally, there is the INTRTN register which is 
used for saving the CMUX output on the stack when an 
interrupt occurs. 

With the exception of the INTRTN register and the stack 
pointer, each of the above registers can be loaded directly 
from the D port of the Am29112. 

The Am29112 features a high speed adder with full carry 
lookahead across 8-bits. The adder is used for PC relative 
addressing (branch address is PC + D), multiway relative 
addressing (branch address is D + M, where M is the 4-bit 
multiway input), and for testing the stack pointer against the D 
bus. In cascaded configurations, carry ripples from the LSS 
adder to the MSS adder over the CIO line. 

The on-chip stack Is 33 deep, and the Am29112 has Instruc¬ 
tions to save the D inputs, counter, multiway register, and PC- 
register on the stack. The stack output bus is connected via 
three-state buffers to the D port. It is possible to pop the stack 
to the D port. 



BD001931 

Figure 3. Am29112 48-Pin Package. 


ARCHITECTURE OF THE Am29112 

The internal organization of the Am29112 is shown in Figure 3. 
The most important control loop inside the sequencer consists 
of the CMUX, incrementer, and PC register. The CMUX selects 
the next microprogram address based on the instruction and 
condition code inputs. The next microprogram address Is 
selected from the PC register for a continue, the D port for a 
branch, the adder for relative and multiway branches, the 
interrupt register for unmaskable interrupts, the stack for 
subroutine returns or loop repeats, or all zeros for the JUMP 
ZERO Instruction. 

The Am29112 has many registers other than the PC register 
and the interrupt register. There is an 8-bit counter used for 
loop control; the DWIDTH register Is a 4-bit register which 
programs the number of least significant bits of the D port that 
are added to the PC in relative addressing modes; the stack 
pointer is a 6-bit counter/register that points to the top of stack 
element; the 3-bit command register is used to program the 
chip on power-up for compatibility with the external hardware 
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INSTRUCTION SET OF THE Am29112 

MODE BITS (l 6 , 5 ) 

The Am29112 is controlled by 5 instruction inputs, two mode 
inputs, and the condition code. In typical applications it is 
expected that the instruction inputs are driven directly from the 
pipeline, whereas the mode inputs are either permanently 
wired high or low to select the desired operating mode, or 
driven indirectly via external logic. (In some applications it 
might be justifiable to drive the mode bits directly from the 
pipeline.) The two mode bits select among three operating 
modes: normal (00), extended (01) and forced continue (10 
and 11). In the normal mode, the entire instruction set of the 
Am29112 applies. 


TABLE 1. MODE CONTROLS 


>6,5 

Mode 

Description 

00 

Normal 

For cascaded Am29112s, two inde¬ 
pendent 8-bit counters 

01 

Extended 

For cascaded Am29112s, one 16-bit 
counter 

10 

Forced 

Continue 

The Am29112 executes a continue 
instruction regardless of instruction, 
condition code, and multiway inputs. 

11 


EXTENDED MODE 

The instruction set includes instructions that differentiate 
between upper and lower counters (when there are two 
cascaded Am29112s). In the normal mode, the two counters 
on cascaded Am29112s function independently, and It is 
possible to set up a doubly nested loop without having to save 
and restore counter values on the stack. In the extended 
mode, however, the counters on cascaded Am29112s behave 
like one 16-bit counter and instructions that differentiate 
between the counters degenerate into identical instructions. 
Hence in a system with only one Am29112 there is no use for 
the extended mode. 

FORCED CONTINUE MODE 

In the forced continue mode the Am29112 executes a 
continue in every cycle regardless of the instruction bits, 
condition code, and multiway inputs. The simplest application 
(if mode bits are driven directly from the pipeline) is to use 
forced continue for straight-line segments of code thereby 
permitting most of the sequencer control fields of the pipeline 
to be shared. The forced continue also has an important 
application in systems with a writeable control store where it is 


necessary to step through the addresses sequentially while 
loading the WCS. 

The instructions of the Am29112 are classified into four 
groups: 

• Branching and subroutine linkage 

• Looping 

• Stack and register 

• Interrupt 

The sequencer has an instruction repertoire of altogether 40 
different instructions. In order to encode these instructions 
with only 5 instruction lines, the condition code is used in some 
cases to differentiate between two distinct instructions sharing 
the same opcode. This way of encoding is used for the stack 
and register, and interrupt groups of instructions. For these 
instructions, therefore, the condition code multiplexer is not 
used to select an external condition. However it is required to 
force the condition code to unconditional Pass or Fail. The 
condition code enable and polarity logic has been designed 
with this in mind. Using the enable and polarity, it is possible to 
generate both unconditional Pass and unconditional Fail 
(regardless of the condition code input). Hence the condition 
code for these instructions is like a sixth instruction line, and 
the condition code multiplexer field of the pipeline can be 
shared for these instructions (see Figure 4 and Table 2). 



Figure 4. Condition Code Circuit. 


TABLE 2. CONDITION CODE TABLE 


CCEN 

cc 

POL 

Condition 

0 

0 

0 

PASS 

0 

1 

0 

FAIL 

0 

0 

1 

FAIL 

0 

1 

1 

PASS 

1 

0 

0 

PASS 

1 

1 

0 

PASS 

1 

0 

1 

FAIL 

1 

1 

1 

FAIL 
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Am29112 Instruction Set 


Opcode (I40) I Condition Mnemonic Description 


c 

< 0 

X 

JZ.U 

UNCONDITIONAL JUMP ZERO 

1 

PASS 

PUSHD.P 

PUSH D (PASS) 

1 

FAIL 

LDCMD.F 

LOAD COMMAND REGISTER FROM D (FAIL) 

2 

COND 

POP.C 

POP; CONDITIONAL STACKOUT TO D 

3 

COND 

CJD.C 

CONDITIONAL JUMP D 

4 

COND 

CJSD.C 

CONDITIONAL JUMP SUBROUTINE D 

5 

COND 

CJMW.C 

CONDITIONAL JUMP MULTIWAY D 

6 

COND 

CJSMW.C 

CONDITIONAL JUMP SUBROUTINE MULTIWAY D 

7 

COND 

CRTN.C 

CONDITIONAL RETURN 

8 

COND 

PUSHPLC 

PUSH PC; COND LOAD LOWER COUNTER 

9 

COND 

LDLC.C 

LOAD LOWER COUNTER; COND PUSH COUNTER 

10 

X 

POPLC.U 

POP TO LOWER COUNTER 

11 

PASS 

RSTSP.P 

RESET STACK POINTER (PASS) 

11 

FAIL 

LDINTV.F 

LOAD UNMASKABLE INTERRUPT VECTOR (FAIL) 

12* 

PASS 

RFCTU.P 

REPEAT LOOP, UPPER COUNTERED (PASS) 

12* 

FAIL 

RFCTL.F 

REPEAT LOOP, LOWER COUNTER = 0 (FAIL) 

13** 

PASS 

RPCTU.P 

REPEAT PIPELINE, UPPER COUNTER = 0 (PASS) 

13** 

FAIL 

RPCTL.F 

REPEAT PIPELINE, LOWER COUNTER = 0 (FAIL) 

14 

COND 

LOOP.C 

TEST END LOOP 

15 

PASS 

ENINT.P 

ENABLE INTERRUPTS (PASS) 

15 

FAIL 

DISINT.F 

DISABLE INTERRUPTS (FAIL) 

16*** 

COND 

TWBLC 

THREE-WAY BRANCH, LOWER COUNTER 

17*** 

COND 

TWBU.C 

THREE-WAY BRANCH, UPPER COUNTER 

18 

PASS 

TSTSP.P 

TEST SP WITH D (PASS) 

18 

FAIL 

TSTMT.F 

JUMP D IF STACK NOT EMPTY 

19 

COND 

CJDF.C 

COND JUMP D/STACK AND POP 

20 

COND 

, CJSDF.C 

COND JUMP SUBROUTINE D/STACK AND POP 

21 

COND 

CJMWR.C 

COND JUMP MULTIWAY RELATIVE D 

22 

COND 

CJSMWR.C 

COND JUMP SUBROUTINE MULTIWAY RELATIVE D 

23 

COND 

CJPP.C 

COND JUMP PIPELINE AND POP 

24 

COND 

PUSHPU.C 

PUSH PC; COND LOAD UPPER COUNTER 

25 

COND 

LDUC.C 

LOAD UPPER COUNTER; COND PUSH COUNTER 

26 

PASS 

POPUC.P 

POP TO UPPER COUNTER (PASS) 

26 

FAIL 

POPDW.F 

POP TO DISPLACEMENT WIDTH (FAIL) 

27 

COND 

LDDW.C 

LOAD DISPLACEMENT WIDTH; COND PUSH DW 

28 

COND 

CJR.C 

COND JUMP D PC REL 

29 

COND 

CJRN.C 

COND JUMP D PC REL NEGATIVE 

30 

COND 

CJSR.C 

COND JUMP SUBROUTINE D PC REL 

31 

COND 

CJSRN.C 

COND JUMP SUBROUTINE D PC REL NEGATIVE 


* These Instructions are Identical In the extended mode. 

**These too. 

***These too. 

Extensions: U ~ unconditional; C - conditional; P - PASS condition; F - FAIL condition. 

Note: PASS/FAIL condition can be produced as follows. P stands for polarity and I for Input: 


ec 

CCEN 

POL 

Condition 

X 

1 

0 

PASS 

X 

1 

1 

FAIL 

1 

0 

p 

COND 
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0 Jump Zero (JZ.U) 


1 Push D (PUSHD.P) 


1 Load Command Register 
from D (LDCMD.F) 


COMMAND REGISTER 


UNCONDITIONAL 


FORCED PASS 


FORCED FAIL 


2 Pop and Conditional Stack- 
out to D (POP.C) 


3 Conditional Jump D (CJD.C) 4 Conditional Jump Subroutine 

D (CJSD.C) 



CONDITIONAL 


CONDITIONAL 


CONDITIONAL 


5 Conditional Jump Multiway D 6 Conditional Jump Subroutine 7 Conditional Return (CRTN.C) 
(CJMW.C) Multiway D (CJSMW.C) 



) = B6 PASS 




CONDITIONAL 


CONDITIONAL 


CONDITIONAL 
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8 Push PC and Conditional 

9 Load Lower Counter and 

10 Pop to Lower Counter 

Load Lower Counter 

Conditional Push Counter 


(POPLC.U) 


(PUSHPLC) 


(LDLC.C) 



25 ( 


37 < 


4A ( 


26 ( 

V — ^ STACK 

38 < 


4B 4 



(UNCONDITIONAL) 


LOWER COUNTER 



27 ( 


39 Q 

jT (UNCONDITIONAL) 

4C( 


28 ( 


3A 4 


4D 4 


29 < 

LOWER COUNTER 

3B 4 

(counted 

4E 4 

^TACIC) 

2A ( 

PASS 

3C 4 

-^ 

4F ( 

-^ ^ 


stack 


LOWER COUNTER 




PASS 




PF000511 


PF000521 


PF000531 


CONDITIONAL 


CONDITIONAL 

UNCONDITIONAL 

11 Reset Stack Pointer 

11 Load Unmaskable Interrupt 

12 Repeat Loop, Upper Count- 


(RSTSP.P) 


Vector (LDINTV.F) 


er (RFCTU.P) 





FORCED FAIL 


FORCED PASS 


12 Repeat Loop, Lower Count¬ 
er (RFCTL.F) 


13 Repeat Pipeline, Upper 
Counter (RPCTU.P) 


13 Repeat Pipeline, Lower 
Counter (RPCTLF) 





FORCED PASS 


FORCED FAIL 
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14 Test End Loop (LOOP.C) 15 Enable Interrupts (ENINT.P) 15 Disable Interrupts (DISINT.F) 


4F 

50 

51 

52 
531 

54 

55 


SD 

STACK 


POP 


PF000421 



ENABLE 

MASKABLE 

INTERRUPTS 



DISABLE 

MASKABLE 

INTERRUPTS 


PF000430 


PF000390 


CONDITIONAL 


FORCED PASS 


FORCED FAIL 


16 Three-Way Branch, Lower 17 Three-Way Branch, Upper 
Counter (TWBL.C) Counter (TWBU.C) 


18 Test SP with D (TSTSP.P) 





CONDITIONAL CONDITIONAL FORCED PASS 


18 Jump D if Stack Not Empty 
(TSTMT.F) 



EMPTY NOT EMPTY 

PF000660 

FORCED FAIL 


19 Conditional Jump D/Stack 
and Pop (CJDF.C) 



PF000691 

CONDITIONAL 


20 Conditional Jump Subrou¬ 
tine D/Stack and 
Pop (CJSDF.C) 



PF000681 

CONDITIONAL 
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21 Conditional Jump Multiway 
Relative D (CJMWR.C) 



PFoooero 

CONDITIONAL 


22 Conditional Jump Subrou^ 
tine Multiway Relative D 
(CJSMWR.C) 



CONDITIONAL 


23 Conditional Jump Pipeline 
and Pop (CJPP.b) 



24 Push PC and Conditional 
Load Upper Counter 
(PUSHPU.C) 



CONDITIONAL 


25 Load Upper Counter and 
Conditional Push Counter 
(LDUC.C) 



CONDITIONAL 


26 Pop to Upper Counter 
(POPUC.P) 



FORCED PASS 


26 Pop to Displacement Width 
(POPDW.F) 


27 Load Displacement Width 
and Conditional Push DW 
(LDDW.C) 


26 Conditional Jump D PC 
Relative (CJR.C) 




CONDITIONAL 


4C( 

40 

FAIL 4E 

4F 


(fhn 


0 * * » 2 


JUMP ADDRESS IS 
(PC) + D** 


PF000750 

D** Is displacement (see Note 1). 

CONDITIONAL 
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29 Conditional Jump D PC Rel¬ 
ative Negative (CJRN.C) 


30 Conditional Jump Subrou¬ 
tine D PC Relative (CJSR.C) 


31 Conditional Jump Subrou¬ 
tine D PC Relative Negative 
(CJSRN.C) 


D** = -2 


(^4C^ 

] PASS 

4b(^ 

STACK 
/ D** = 2 


4cl 

1 

FAIL 

PASS 

JUMP ADDRESS IS 
(PC) + D** 

40 

4E i 

JUMP ADDRESS IS 


STACK 

I PASS 
' D** = -2 

JUMP ADDRESS IS 
(PC) + D** 


-2, Should be two's comple¬ 
ment (see Note 2). 

CONDITIONAL 


D**is displacement (see Note 1). 

CONDITIONAL 


-2, Should be two's comple¬ 
ment (see Note 2). 

CONDITIONAL 


Notes: 1. The number of bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are 
zero-extended. 

2. The number of bits of D used as displacement is stored in DWIDTH register. The remaining high order bits are 
one-extended. 


BRANCHING INSTRUCTIONS 
Direct Branching 

Instruction 0 is the unconditional jump to zero instruction. This 
instruction also resets the stack pointer and the interrupt logic 
as well as setting command register as follows: CR(0) = 1, 
CR(1) = LSS, CR(2) = 1. 

Direct branching is Implemented by Instruction 3 (COND JUMP 
D) and 4 (COND JSB D). The branch address is input through 
the D port. If the condition is PASS, the branch is taken, 
otherwise the sequencer executes a continue. Two-way direct 
branching Is implemented by instruction 19 (COND JMP D/ 
STACK) and instruction 20 (COND JSB D/STACK). If the 
condition is Pass, the branch address is taken from the D input 
port, otherwise, the branch address is taken from the stack. In 
either case the stack is popped. This instruction assumes that 
the alternative address was pushed on the stack by a previous 
Instruction. Jump to subroutine differs from JUMP in that the 
PC register is pushed on the stack. This enables the subrou¬ 
tine to use COND RETURN (7) to return to the point of call. 
Note that the two-way jump to subroutine (20) causes a 
simultaneous pop and push so that the stack pointer is 
unaffected but the top of stack element is replaced by the 
return address. 

Relative Branching 

In the relative branch instructions, a dynamically alterable 
subfield of the D inputs is added to the PC to form the branch 
address. The remaining most significant bits of the D inputs 
are ignored and internally converted to all O's for forward 
branches and all 1's for backward branches. The displace¬ 
ment width (DWIDTH) register in the Am29112 holds the 
number of least significant bits of D that participate in the 
relative branch as the displacement, and can be loaded from 
the lower four bits of the D port. In cascaded systems, the 
displacement width has to be loaded consistently in the two 
chips. For example, for a displacement width of 9, the lower 
order chip gets a displacement width of 8 and the higher order 
chip gets a displacement width of 1. As another example, if the 
lower order chip has a displacement width of less than 8 bits, 
the higher order chip must have a displacement width of zero, 
if the displacement width register is loaded with any value 
greater than 8, it Is exactly as if It were loaded with 8. 


Instruction 28 (29) is the relative jump Gump back) instruction, 
and instruction 30 (31) is the relative jump to subroutine Gump 
back to subroutine) instruction. For backward relative branch¬ 
es, the displacement must be coded as a two's complement 
negative number. When the displacement width is the same as 
the microaddress width the forward and backward relative 
branch instructions are identical. When the displacement 
width is less than the microaddress width, the more significant 
bits of D outside the displacement are forced to all zeros for 
positive branches and to all ones for negative branches. This 
is effectively sign extension except that the sign Information is 
contained In the Instruction rather than the displacement, and 
there is no need for sign information to propagate between 
cascaded chips since it is assumed that the displacement 
width registers in the two chips have been consistently loaded. 

The disadvantage of having the sign information in the 
instruction rather than the displacement can be overcome by a 
judicious choice of instruction format. The opcodes for forward 
and backward relative branch instructions have been chosen 
to differ in the least significant bit position only, with a 'O' In 
that bit for forward branches and a' 1' for backward branches. 
If the sequencer instruction field is contiguous with and on the 
more significant side of the displacement field in the pipeline 
register, then the least significant instruction bit is like the sign 
bit for the displacement for relative branch instructions. This 
permits the assembler to use the same opcode for forward 
and backward relative branch instructions, but overlap the 
displacement field (now declared to be one bit longer than the 
actual displacement field in the pipeline) with the sequencer 
instruction field by one bit. If the assembler now generates a 
negative displacement, the sequencer opcode formed Is the 
backward branch; while if the displacement is positive, the 
sequencer opcode formed is forward branch. 

When the Instruction is executed, the PC already has been 
incremented and points to the next sequential instruction, 
hence a forward branch with a displacement of 0 causes the 
next sequential instruction to be executed. 

Multiway Branching 

Two variants of multiway branching are available on the 
Am29112 - multiway substitute D and multiway relative D. In 
multiway substitute D the 4 multiway inputs directly replace the 
4 least significant bits of the branch address input at D. 
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Instruction 5 is a conditional multiway branch and instruction 6 
a conditional multiway subroutine call. In these instructions, 
the least significant 4 bits of the D input port are not used by 
the sequencer, and may be shared, for instance to select 
among different sets of multiway inputs. 

Multiway branching has the disadvantage that the jump table 
must be aligned on a 16 word boundary. This disadvantage is 
overcome in the Am291multiway relative branching instruc¬ 
tions. In these instructions, the number input on the multiway 
pins is added to the branch address input at D. Instruction 21 
is a conditional multiway relative branch and Instruction 22 a 
conditional multiway relative subroutine call. 

One of the advantages of multiway branching is that it enables 
a 16 way decision to be made in exactly one mlcrocycle. 
However, the 16 target addresses are constrained to be 
contiguous in memory. Hence, If the target routines need more 
than one microword each, as is very likely, they are addressed 
indirectly through a table of 16 contiguous branch instructions. 
For very high speed applications, the extra microcycle needed 
to branch indirectly off the jump table may not be acceptable. 
This penalty is avoidable if the multiway bits are offset with 
respect to the D inputs. When two Cascaded Am29112s are 
used, there are two sets of 4-blt multiway Inputs. The least 
significant chip has a multiway input with no offset, while the 
most significant chip has a multiway input with an 8-bit offset. 
The Am29112 command register has a bit CR(1) that enables 
or disables multiway branching on the chip. In a system with 
two cascaded Am29112s, each chip has a command register 
bit. Multiway branching may be disabled In either chip by 
resetting the command register bit on that chip, or enabled by 
setting the command register bit. When multiway branching is 
disabled on a chip, for that chip both multiway and multiway 
relative branches are converted to direct branches, and the 
multiway inputs are a Don’t Care. Multiway branching with an 
8-bit offset is implemented by disabling multiway in the least 
significant slice and enabling it in the most significant slice. In 
this case, the 16 target addresses are dispersed in memory, 
separated by 256 locations each. Another useful configuration 
is obtained by enabling multiway on both chips. In this case, up 
to 16 sets of target addresses are dispersed in memory, 
separated by 256 locations each. 

The Am29112 does not have an unconditional continue In its 
instruction set. This is not expected to be a drawback because 
the Instruction set requires that both unconditional PASS and 
unconditional FAIL are programmable by the sequencer to 
select among different Instructions sharing the same opcode. 
Hence, a continue is obtained by executing instruction 3 
(COND JUMP D) with a forced FAIL condition. 

LOOPING INSTRUCTIONS 

The looping instructions on the Am29112 are of two kinds: 
conditional, which depend on an external condition to signal 
loop termination, and iterative, which decrement the Am29112 
counter and check for a count of zero. There Is also a three- 
way branch instruction that combines the check for external 
condition with the check for count of zero in a single 
Instruction. 

All the looping instructions are similar in two respects. Firstly, 
the check for the loop condition is done at the end of the loop. 
This implies that the loop body is always executed at least 
once. Secondly, in the case that the loop has to be repeated, a 
backward branch to the loop head is made by using the 
address on top of stack. This frees the D inputs for other use, 
but makes it necessary to push the address of the start of the 
loop on the stack before entering the loop. Also, If the loop is 
iterative, it is necessary to load a count value In the counter at 
the same time. Instructions 24 (PUSH PC; COND LOAD 


UPPER COUNTER) and 8 (PUSH PC; COND LOAD LOWER 
COUNTER) combine both these requirements. 

Instruction 14 implements a simple conditional repeat loop. If 
the condition is FAIL the sequencer loops back using the top 
of stack address, and if the condition is PASS, the sequencer 
performs a continue to the next sequential address, and 
simultaneously pops the stack to remove the address of the 
loop head. The instruction may be described in Pascal-like 
syntax as: 

repeat PUSH PC 

LOOP BODY 

until condition = TRUE; 

Instruction 23 (COND LOOP EXIT) implements a loop exit that 
may be used with any of the Am29112 loop instructions. It is a 
conditional jump to D, which simultaneously pops the stack. If 
the condition is FAIL, it simply performs a continue. 

As discussed earlier, the counters present in cascaded 
Am29112s may be used independently or cascaded as a 
single 16-bit counter under microprogram control. The mode 
bits select the cascaded configuration only in the extended 
mode. There are separate repeat and three-way branch 
instructions for upper and lower counters. In the case of the 
repeat instructions, the condition code is used to differentiate 
between the repeat on the upper and the repeat on lower 
counter (a condition of PASS selects the upper counter). In the 
case of the three-way branch, which needs the condition code 
input for the external condition, there are two separate 
opcodes for three-way branch on upper (opcode 17) and 
three-way branch on lower (opcode 16). When a single 
Am29112 Is used only the repeat on lower counter Instructions 
are useful; and when two Am29112s are cascaded but 
operated in the extended mode, the repeat instructions on 
upper and lower counter are identical In effect and both 
operate on the 16-blt cascaded counter. 

Instruction 12 (REPEAT LOOP IF COUNTER NOT ZERO) Is 
the iterative analog of Instruction 14 (CONDITIONAL REPEAT 
LOOP). Instruction 8 (PUSH PC; COND LOAD COUNTER) is 
used with condition code as forced PASS and the desired 
count in the D field of pipeline. This causes the address of the 
loop head to be pushed on the stack, and the lower counter 
loaded with the count. At the end of the loop body, the repeat 
Instruction checks if the count is zero. If it is not zero, it 
performs a loop back using the top of stack address and 
simultaneously decrements the counter; if It Is zero, it pops the 
address of the loop head off the stack and simultaneously 
selects the next sequential address thereby exiting the loop. A 
repeat loop on the upper counter can be set up using 
instruction 24 Instead of 8 to push PC and load upper counter 
and using instruction 14 to loop back with condition code as 
forced PASS. Note the potential pff-by-one error: since the 
count is checked before it is decremented, a count of 1 causes 
two iterations: the first iteration finds a count of 1 and 
decrements; on the second Iteration the count is found to be 
zero and the loop terminates. Hence, the value of count 
loaded should be one less than the desired number of 
iterations. In the example above, loading the counter with 7 
resulted in 8 iterations. 

The single instruction repeat (Instruction 13) Is provided for 
applications where the loop body Is a single microinstruction, 
for example, an ALU shift. The loop is set up as before using 
instruction 9 or 25 (LOAD COUNTER AND COND PUSH 
COUNTER). The repeat instruction then presents its own 
address to the D inputs of the sequencer. As with the repeat 
loop instruction, the single instruction repeat checks for 
counter = 0. If the counter is equal to zero, it continues to the 
next sequential instruction; otherwise it repeats the address 
presented to the D inputs, which is its own address, and 
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decrements the count by one. Instruction 13 can also be used 
in place of instruction 12 where there is no stack location 
available to hold the address of the loop head. 

Often it Is necessary to repeat an action until either some 
external condition becomes true or a predetermined count is 
reached: for example, searching a character string for an 
occurrence of some character. The three-way branch Instruc¬ 
tions of the Am29112 combine the test for count and external 
condition in one cycle. At any loop Iteration, if the condition 
becomes PASS when the three-way branch is executed, then 
the sequencer performs a continue to the next sequential 
instruction, and pops the stack. If the condition is FAIL when 
the three-way branch is 'xecuted, the sequencer tests the 
count. If the count is zero, then the search is unsuccessful and 
the sequencer performs a branch to the address input at the D 
port, simultaneously popping the stack. If the count Is not zero, 
and the condition is FAIL, the sequencer performs a loop back 
via the stack. The instruction always decrements the counter 
by one if the counter is non-zero. 

Since interrupts may occur at any point in the execution of 
microcode, it is necessary to be able to save counter values 
on the stack so that the interrupt routines can use the counter 
without interfering with the operation of the interrupted code. 
The sequencer provides instructions that permit arbitrary 
nesting of loops and subroutine calls. Instruction 9 (LOAD 
LOWER COUNTER; CONDITIONAL PUSH COUNTER) can 
be used to load the lower counter from the D port. If the 
condition is PASS, then the instruction also causes the old 
counter value to be pushed on the stack. To restore the 
counter from the stack. Instruction 10 (POP TO LOWER 
COUNTER) can be used with a forced FAIL condition. 
Instructions 25 (LOAD UPPER COUNTER; CONDITIONAL 
PUSH COUNTER) and 26 (COND POP TO UPPER COUNT¬ 
ER/POP TO DISPLACEMENT WIDTH) are the counterparts 
for operating on the upper counter. Note that In cascaded 
systems, when the counter is pushed, regardless of whether 
instruction 25 or instruction 10 is executed, the entire counter 
is pushed to keep the stack balanced in the two Am29112s. 

STACK AND REGISTER INSTRUCTIONS 

In addition to all the instructions mentioned earlier that 
explicitly or implicitly alter the stack, the Am29112 has some 
specialized instructions for stack manipulation. 

The stack on the Am29112 is 33 deep. Attempting to push 
when the stack is full or to pop when the stack Is empty 
causes the STACK ERROR signal out of the Am29112 to be 
generated. The error is latched internally and persists until 
either the chip is reset or the stack is popped in case of 
overflow or pushed In case of underflow. When the stack 
overflows, the stack pointer does not wrap around, and all 
subsequent pushes on the full stack write over the top-of- 
stack location. 

The stack on the Am29112 can be loaded through the D port 
using instruction 1 (COND PUSH D/LOAD COMMAND REG¬ 
ISTER) with condition as forced PASS and unloaded out of the 
D port using instruction 2 (POP; COND STACKOUT TO D) with 
a forced PASS condition. In the stackout instruction the D port 
becomes an output port. Care must be taken to avoid 
contention on the D bus when this instruction is executed. The 
D bus is output enabled while CP is low for this instruction. The 
ability to load and unload the stack is useful for implementing 
context switches. For fast unloading of the stack, a tight two- 
instruction loop can be set up using instruction 12 (POP; 
COND STACKOUT TO D) with a forced FAIL condition and 
instruction 18 (COND TEST SP/BRANCH STACK NOT EMP¬ 
TY) also with a forced FAIL condition. The branch instruction 
performs a branch to D if the stack is not empty. 


The stack nesting level in an interruptible sequencer varies 
dynamically. Hence, the Am29112 is provided with instructions 
for checking the available stack space: instruction 18 (COND 
TEST SP/BRANCH STACK NOT EMPTY). Two distinct in^ 
structions for testing the stack pointer have been packed into 
the same opcode and are differentiated by the condition code. 
A condition code of PASS selects the Jest Stack Pointer 
Instruction. In this instruction, the sequencer tests the stack to 
see If there is enough space, as determined by a constant 
Input at the D port; if there is enough space, the sequencer 
performs a continue, whereas if there is not enough space, the 
sequencer performs a subroutine return. The number of stack 
locations required is input at the D port. In a system with only 
one Am29112, the least significant 6 bits of the D are used 
within the chip for this instruction. In a system with two 
cascaded Am29112s the determination is made independently 
in the two chips (since the stack pointer is at all times identical 
in the two chips). Hence, the same number must be presented 
to the two chips. The adders in the two Am29112s are not 
cascaded for this instruction but function independently. In 
both Am29112s only the 6 LSBs of the D port are actually 
used in the comparison. 

INTERRUPT HANDLING 

The Am29112 recognizes two kinds of interrupts: maskable 
and unmaskable. Maskable interrupts cause automatic saving 
of status on the internal stack and can be inhibited, either 
externally via the INTERRUPT DISABLE pin, or internally via 
instruction 15 (COND ENABLE/DISABLE INTERRUPT). In 
addition, maskable interrupts are disabled when there is not 
enough space on the stack to service the interrupt, though this 
internal inhibit can be overridden be clearing a bit in the 
command register. The unmaskable interrupt, on the other 
hand, cannot be disabled and does not cause saving of status 
on the internal stack. It is intended for handling abnormal and 
irrecoverable situations like power failure or stack overflow. 
When an unmaskable interrupt occurs, the sequencer branch¬ 
es to the address of the unmaskable interrupt routine stored In 
the INTVECT register. This address Is stored on chip at 
system initialize time using instruction 11 (COND RESET SP/ 
LOAD INTERRUPT REGISTER) with a condition of FAIL. If a 
maskable interrupt is being processed when the unmaskable 
interrupt occurs, the unmaskable interrupt may be delayed at 
most one cycle to prevent contention on the Y bus. In any 
case, the unmaskable interrupt request should persist for at 
least one clock edge. 

The Am29112 contains an interrupt disable flip-flop on-chip. 
The flip-flop is set by the DISABLE INTERRUPT instruction 
(opcode 15 with forced FAIL) and reset by the ENABLE 
INTERRUPT instruction (opcode 15 with forced PASS). The 
flip-flop output performs the same function as the interrupt 
disable pin. On reset, or on receiving an unmaskable interrupt, 
the flip-flop is set thereby disabling maskable interrupts. 
Hence, at the end of initialization, the ENABLE INTERRUPT 
instruction will have to be executed to reset the flip-flop and 
enable maskable interrupts. 

In the case of maskable interrupts, the interrupt return address 
is saved on the stack automatically using the INTRTN register, 
the INTRTN register is loaded with the CMUX output with 
every clock. When an interrupt is acknowledged, the Am29112 
output is turned off and the vector applied externally. Howev¬ 
er, the sequencer executes the instruction which is In the 
pipeline register In that cycle. The result of executing the 
interrupted instruction, namely the next address, does not 
come out of the Am29112 Y bus because the Y bus is used to 
input the interrupt vector. It is clocked into the INTRTN 
register. On the first cycle of the Interrupt routine, the 
sequencer pushes the return address on the stack so that the 
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Interrupt routine returns by doing a COND RETURN, like any 
other subroutine. 

THE INVISIBLE STACK PUSH THAT THE SEQUENCER 
EXECUTES WHEN IT IS INTERRUPTED OCCURS IN THE 
FIRST CYCLE OF THE INTERRUPT SERVICE ROUTINE. 
HENCE, THE FIRST INSTRUCTION OF THE INTERRUPT 
SERVICE ROUTINE MAY NOT BE ANY INSTRUCTION 
THAT USES THE STACK. 

Before acknowledging an interrupt, the sequencer checks the 
stack to see If there Is a minimum of five locations to handle 
the interrupt. If there is insufficient space on the stack, the 
acknowledge is not generated. This feature may be disabled 
by a bit in the command register. 

CR(0) * 1 INHIBIT ACKNOWLEDGE ON STACK FULL (DE¬ 
FAULT) 

CR(0) = 0 GENERATE ACKNOWLEDGE ON STACK FULL 

MASKABLE INTERRUPTS 

The branch vector for maskable interrupts is applied externally 
to the Y port of the Am29112. This section discusses the 
system timing considerations and their impact on Interrupt 
handling in the Am29112. 

Figure 5(a) shows a general system configuration highlighting 
the interrupt portion of the circuitry and the control loop. A 
priority Interrupt controller generates an interrupt request for 
the highest priority pending interrupt. This request is applied to 
the MINTR pin of the Am29112. If the request is not masked, 
the Am29112 puts out an acknowledge on the MINTA pin. The 
Interrupt controller then puts out the encoded priority of the 
highest priority Interrupt to the vector PROM, which maps the 
priority code into a vector. 

The MINTA line turns on the vector PROM output at the same 
time as the Y port on the Am29112 is three-stated. Hence, the 
interrupt vector gets onto the micromemory address bus and 
is also input into the Am29112, and incremented to form the 
next address. The Am29112 saves the return address on the 
stack so that when the interrupt service routine does a 
subroutine return, control returns to the Instruction following 
the interrupted instruction. 

The maskable Interrupt request is synchronized on the 
Am29112. If there is no disable, therefore, the acknowledge 
always Is active in the cycle following the request. However, 
the acknowledge to Y bus three-stating delay is programma¬ 
ble: the Y bus three-stating signal can o ccur eith er in the same 
cycle as, or in the cycle following, the MINTA acknowledge, 
depending on a bit In the command latch of the Am29112. 

The command register bit that programs the postdelay option 
is bit 2, the third least significant bit. The command register 
has 3 bits altogether and is loaded from the 3 LSBs of the D 
Inputs using instruction 1 (COND PUSH D/LOAD COMMAND 
REGISTER) with a condition of PASS. Note that in a system 
with two cascaded Am29112s, the 0 and 2 bits of the 
command registers in the two chips must both be loaded with 
the same data on system initialization. The postdelay bit in the 
command register selects the postdelay option when it is zero. 

Figure 5(b) shows the configuration without postdelay, includ¬ 
ing a simplified view of the acknowledge circuit. The acknowl¬ 
edge is granted at the same time the Y output of the Am29112 
is three-stated and the vector PROM enabled by the MINTA 
signal out of the Am29112. The critical delay path in this case 
is clock to acknowledge (Am29112) + acknowledge to priority 
out (Interrupt controller) + vector PROM access 


time + microprogram memory access time + pipeline setup 
time. Obviously, this delay will have a significant impact on 
overall cycle time. However, in slow systems or In systems 
where the vector is always available immediately with ac¬ 
knowledge, this configuration is acceptable. It is also accept¬ 
able if the vector mapping PROM is made part of the 
microprogram memory by dedicating the locations In low 
memory addressed by the priority to hold vectors to the 
corresponding interrupt routines. 

Figure 5(c) shows a simplified view of the Am29112 configured 
with postdelay acti ve. An external D-type flip-flop adds a one 
cycle delay to the MINTA signal before It switches the output 
enable on the vector register. The Interrupt request to ac¬ 
knowledge delay is the same as in the circuit with postdelay 
inactive, but the Y bus three-stating signal occurs one cycle 
later than the acknowledge. The critical path has been broken 
into two with the register at the vector PROM output. In this 
case the critical delay path is cut short by the microprogram 
memory access time. While the vector PROM accesses the 
Interrupt vector, the microprogram memory accesses the next 
sequential Instruction. This implies that one more instruction of 
the interrupted code executes after the cycle In which the 
acknowledge is granted. (If that Instruction happens to be a 
DISABLE INTERRUPT instruction, then even though no more 
interrupts will be accepted by the Am29112, the interrupt 
which has been acknowledged goes through and the corre¬ 
sponding interrupt service routine may enable interrupts again 
using the ENABLE INTERRUPT instruction.) 

The command register bits are summarized below: 

CR(0) : Interrupt acknowledge on stack full 

CR(0) = 1 : inhibit acknowledge on stack full 
(default) 

CR(0) = 0 : generate acknowledge on stack full 
CR(1) : Multiway enable 

CR(1) = 1 : enable multiway branching 
(default for LSS) 

CR(1) = 0 : disable multiway branching 
(default for MSS) 

CR(2) : Interrupt postdelay flip-flop 

CR(2) - 1 : no postdelay (default) 

CR(2) = 0 : postdelay 

On reset & JZU: CR(0) = 1 

CR(1) = LSS 
CR(2) = 1 

HOLD 

The Am29112 Is equipped with a HOLD pin for configurations 
utilizing more than one sequencer driving a common micropro¬ 
gram address bus. In such situations, it is necessary to cause 
the unselected sequencer to hold its internal state while some 
other sequencer executes, so that it can resume execution at 
the point where it was held. The HOLD pin, when asserted, 
three-states the Y bus, forces low the carry into the PC 
incrementer, and selects the internal CMUX output (instead of 
the Y bus) at the incrementer Input. To complete the HOLD 
function, it is also necessary to disable interrupts and to put 
the sequencer into the forced continue mode. Under these 
conditions, the value of the PC is recirculated through the 
CMUX and the incrementer until the HOLD is released, and all 
the remaining state bits In the sequencer are not altered 
because of the forced continue. 
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Real-Time Interrupt Controller 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Accepts 8 Interrupt Inputs 

Interrupts may be pulses or levels and they are 
stored internally. 

Supports Real-Time Interrupts 

Interrupts are handled at microinstructions boundary. 

Built-In Mask Register 

Enables or disables individual interrupt inputs. 


Built-In In-Service Register 
Vectored Output 

Output is binary code for highest priority unmasked 
input. 

Expandable 

Any number of the Am29114's may be cascaded 
for larger interrupt systems. 


GENERAL DESCRIPTION 


The Am29114 is a high-speed eight-bit priority interrupt 
controller that is cascadable to handle any number of 
interrupt request levels. Its interface specification is de¬ 
signed to make it suitable for use with the Am29112 
microsequencer facilitating the handling of real-time micro¬ 
interrupts. 

The Am29114 contains an interrupt register which is used 
to store requests until they are serviced, and an eight-bit in¬ 


service register which is used to store requests that are 
currently being serviced. 

The contents of the in-service register are compared with 
the contents of the interrupt register. Interrupt requests 
having a lower or eq^^l priority to the highest priority bit in 
the in-service register are disallowed, thus forming a fixed 
priority resolution scheme. 


BLOCK piaqra 
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Am29114 - REAL-TIME INTERRUPT CONTROLLER 
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Am29116 

A High-Performance 16-Bit Bipolar Microprocessor 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


• Optimized for High-Performance Controiiers 

Excellent solution for applications requiring speed 
and bit-manipulation power. 

• Fast 

Supports 100ns microcycle time/1 OMHz data rate 
for all Instructions. 

• 16-Bit Barrei Shifter 

Contains a 16-bit Barrel Shifter which can shift or 
rotate a word up to 15 positions in a single instruc¬ 
tion cycle. 

• immediate instruction Capabiiity 

May be used for storing constants In microcode or 
for configuring a second data port. 


• Powerfui Fieid insertion/Extraction and Bit Ma- 
nipuiation instructions 

Rotate and Merge, Rotate and Compare and bit 
manipulation instructions provided for complex bit 
control. 

• 32-Working Registers 

Single port RAM may be configured to accept dif¬ 
ferent source and destination addresses within sin¬ 
gle cycle. 

• 52-Pin Hermetic DiP 


GENERAL DESCRIPTION 


The Am29116 is a microprogrammable 16-bit bipolar micro¬ 
processor whose architecture and instruction set is opti¬ 
mized for high performance peripheral controllers, like 
graphics controllers, disk controllers, communications con¬ 
trollers, front-end concentrators and modems. The device 
also performs well in microprogrammed processor applica¬ 
tions, especially when combined with the Am29517 16 x‘16 


multiplier (65ns worst-case 16x 16 multiply). In addition to 
its complete arithmetic and logic instruction set, the 
Am29116 instruction set contains functions particularly 
useful in controller applications; bit set, bit reset, bit test, 
rotate and merge, rotate and compare, and cyclic-redun¬ 
dancy-check (CRC) generation. 


BLOCK DIAGRAM 



TO HOST cm 
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Ani29116 BASED HIGH PERFORMANCE PERIPHERAL CONTROLLER 
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RELATED PRODUCTS 


OTHER LITERATURE _ 

• An Intelligent Fast Disk Controller using the 
Am29116 Application Note. 

• A Microprogrammed CPU Using the Am29116 
Application Note. 
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CONNECTION DIAGRAM 
Top View 



Chip-Pak is a trademark of Advanced Micro Devices. Inc. 
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Anni29116 


Vcc and ground pin connections 



Notes: 1. All Vcc and all GND pins must be connected as shown. Offsets between any two Vcc P*ns or 
between any two GND pins should be avoided. 

2. Cl = 1 .OjuF, C 2 = C 3 = 0.01 mF. 

The Cl, C 2 , and C 3 capacitors should be used to shunt low- and high-frequency noise from Vcc- Do not 
replace with one capacitor. 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29116 


C B 

Valid Combinations 

I—Screening Option 


DC, DCB, DMB 

Blank - Standard processing 

Am29116 

LC, LMB 

B - Burn-in 


XC, XM 

— Temperature (See Operating Range) 




C -Commercial ( 0 ®C to +70®C) 
M - Military (-55X to +125X) 


■— Package 

D-52-pin CERDIP 
L-52-pin Chip-Pak 
X- Dice 


Device type 

A High-Performance 16-Bit Bipolar Microprocessor 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Yo-Vi5 

I/O 

Data Input/Output Lines. When OEy is HIGH, Y 0 -Y 15 are used as external data inputs which allow data to be directly 
loaded into the 16-bit data latch. Having OEy LOW allows the ALU data to be output on Y 0 -Y 15 . 

36 

DLE 

1 

Data Latch Enable. When DLE is HIGH, the 16-bit data latch is transparent and is latched when DLE is LOW. 

43 

OEy 

1 

Output Enable. When OEy is HIGH, the 16-bit Y outputs are disabled (high-impedance); when OEy is LOW, the 16-bit 

Y outputs are enabled (HIGH or LOW). 


l0-ll5 

1 

Sixteen Instruction Inputs. Used to select the operations to be performed in the Am29116. Also used as data inputs 
while performing immediate instructions. 

19 

lEN 

1 

Instruction Enable. With TEN LOW, data can be written into the RAM when the clock is LOW. The Accumulator can 
ycept data during the LOW-HIGH transition of the clock. Having lEN LOW, the Status Register can be updated when 
SRE is LOW. With lEN HIGH, the conditional test output, CT, is disabled as a function of the instruction inputs. lEN 
should be LOW for the first half of the first cycle of an immediate instruction. 

20 

SRE 


Status Register Enable. When 6 RE and TEN are both LOW, the Status Register is updated at the end of all instructions 
with the exception of NO-OP, Save Status, and Test Status. Having either $RE or lEN HIGH will inhibit the Status 
Register from changing. 

18 

CP 

1 

Clock Pulse. The clock input to the Am29116. The RAM latch is transparent when the clock is HIGH. When the clock 
goes LOW, the RAM output is latched. Data is written into the RAM during the low period of the clock provided lEN is 
LOW and if the instruction being executed designates the RAM as the destination of operation. The Accumulator and 
Status Register will accept data on the LOW-HIGH transition of the clock if lEN is also LOW. The instruction latch 
becomes transparent when it exits an immediate instruction mode during a LOW-HIGH transition of the clock. 

27, 26, 

24, 23 

T 1 -T 4 

I/O 

Input/Output Pin. Under the control of OEj, the four lower status bits Z, C, N, OVR become outputs on T 1 -T 4 , 
respectively when OEy goes HIGH. When OEy is LOW, Ti- T 4 are used as inputs to generate the CT output. 

22 

OEt 

1 

Output Enable. When OEy is LOW, the 4-bit T outputs are disabled (high-impedance); when OEy is HIGH, the 4-bit T 
outputs are enabled (HIGH or LOW). 

21 

CT 

0 

Conditional Test. The condition code multiplexer selects one of the twelve condition code signals and places them on 
the CT output. A HIGH on the CT output indicates a passed condition and a LOW indicates a failed condition. 



BD001960 


Figure 1. Detailed Am29116 Block Diagram. 



6-23 


02112C 

Refer to Page 13-1 for Essential Information on Military Devices 


Am29116 













Am29116 


ARCHITECTURE OF THE Am29116 


The Am29116 is a high-performance, microprogrammable 16- 
bit bipolar microprocessor. 

As shown In the Block Diagram, Figure 1, the device consists 
of the following elements interconnected with 16-bit data 
paths. 

• 32-Word by 16-Bit RAM 

• Accurhulator 

• Data Latch 

• Barrel Shifter 

• ALU 

• Priority Encoder 

• Status Register 

• Condition-Code Generator/Multiplexer 

• Three-State Output Buffers 

• Instruction Latch and Decoder 

32-Word by 16-Bit RAM 

The 32-Word by 16-Bit RAM is a single-port RAM with a 16Tbit 
latch at its output. The latches are transparent when the clock 
input (CP) is HIGH and latched when the clock input is LOW. 
Data is written into the RAM while the clock Is LOW If the llN 
input is also LOW and if the instruction being executed defines 
the RAM as the destination of the operation. For byte 
instructions, only the lower eight RAM bits are written into; for 
word instructions, all 16 bits are written into. With the use of an 
external multiplexer on five of the instruction inputs, it is 
possible to select separate read and write addresses for the 
same instruction. This two-address operation Is not allowed for 
immediate instructions. 

Accumulator 

The 16-bit Accumulator is an edge-triggered register. The 
Accumulator accepts data on the LOW-to-HIGH transition of 
the clock input if the 10^ input is LOW and if the instruction 
being executed defines the Accumulator as the destination of 
the operation. For byte instructions, only the lower eight bits of 
the Accumulator are written into; for word Instructions, all 16 
bits are written into. 

Data Latch 

The 16-blt Data Latch holds the data Input to the Am29116 on 
the bi-directional Y bus. The latch is trarisparent when the DLE 
input is HIGH and latched when the DLE input is LOW. 

Barrel Shifter 

A 16-bit Barrel Shifter is used as one of the ALU inputs. This 
permits rotating data from either the RAM, the Accumulator or 
the Data Latch up to 15 positions. In the word mode, the Barrel 
Shifter rotates a 16-bit word; in the byte mode, it rotates only 
the lower eight bits. 

Arithmetic Logic Unit 

The Am29116 contains a 16-blt ALU with full carry lookahead 
across all 16 bits In the arithmetic mode. The ALU is capable 
of operating on either one, two or three operands, depending 
upon the instruction being executed. It has the ability to 
execute all conventional one and two operand operations, 
such as pass, complement, two's complement, add, subtract, 
AND, NAND, OR, NOR. EXOR, and EX-NOR. In addition, the 
ALU can also execute three-operand instructions such as 
rotate and merge and rotate and compare with mask. All ALU 
operations can be performed on either a word or byte basis, 
byte operations being performed on the lower eight bits only. 

The ALU produces three status outputs, C (carry), N (negative) 
and OVR (overflow). The appropriate flags are generated at 


the byte or word level, depending upon whether the device is 
executing In the byte or word mode. The Z (zero) flag, 
although not generated by the ALU, detects zero at both the 
byte and word level. 

The carry Input to the ALU is generated by the Carry 
Multiplexer which can select an input of zero, one, or the 
stored carry bit from the Status Register, QC. Using QC as the 
carry input allows execution of multiprecision addition and 
subtractions. 

Priority Encoder 

The Priority Encoder produces a binary-weighted code to 
indicate the locations of the highest order ONE at its input. 
The input to the Priority Encoder is generated by the ALU 
which performs an AND operation on the operand to be 
prioritized and a mask. The mask determines which bit 
locations to eliminate from prioritization. In the word mode. If 
no bit Is HIGH, the output is a binary zero. If bit 15 is HIGH, the 
output is a binary one. Bit 14 produces a binary two, etc. 
Finally, if only bit 0 is HIGH, a binary 16 is produced. 

in the byte mode, bits 8 thru 15 do not participate. If none of 
bits 7 thru 0 are HIGH, the output is a binary zero. If bit 7 is 
HIGH a binary one is produced. Bit 6 produces a binary two, 
etc. Finally, if only bit 0 is HIGH, a binary 8 is produced. 

Status Register 

The Status Register hol ds th e 8 -bit status word. J^h the 
Status-Register Enable, (SRE) input LOW and the lEN input 
LOW, the Status Register is updated at the end of all 
instruction s_exc ept NO-OP, Save-Status and Test-Status In¬ 
structions. SRE going HIGH or lEN going HIGH inhibits the 
Status Register from changing. 

The lower four bits of the Status Register contain the ALU 
status bits of Zero (Z), Carry, (C) Negative (N), and Overflow 
(OVR). The upper four bits contain a Link bit and three user- 
definable status bits (Flag 1, Flag 2, Flag 3). 

With $RE LOW and IEN LOW, the lower four status bits are 
updated after each instruction except those mentioned above, 
NO-OP, Save Status, Status Test and the Status Set/Reset 
instruction for the upper four bits. Under the same conditions, 
the upper four status bits are changed only during their 
respective Status Set/Reset instructions and during Status 
Load instructions in the word mode. The Link-Status bit is also 
updated after each shift instruction. 

The Status Register can be loaded from the internal Y-bus, 
and can also be selected as a source fpr the internal Y-bus. 
When the Status Register is loaded in the word mode, ail 8 - 
bits are updated; in the byte mode, only the lower 4 bits (Z, C, 
N, OVR) are updated. 

When the Status Register is selected as a source in the word 
mode, all eight bits are loaded into the lower byte of the 
destination; the upper byte of the destination is loaded with all 
zeros. In the byte mode, the Status Register again loads into 
the lower byte of the destination, but the upper byte remains 
unchanged. This Store and Load combination allows saving 
the restoring the Status Register for interrupt and subroutine 
processing. The four lower status bits (Z, C, N, OVR) can be 
read directly via the bidirectional T bus. These four bits are 
available as outputs on the T 1.4 outputs whenever OEj is 
HIGH. 

Condition-Code Generator/Multiplexer 

The Condition-Code Generator/Multiplexer contains the logic 
necessary to develop the 12 condition-code test signals. The 
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multiplexer portion can select one of these test signals and 
place it on the CT output for use by the microprogram 
sequence. The multiplexer may be addressed in two different 
ways. One way is through the Test Instruction. This instruction 
specifies the test condition to be placed in the CT output, but 
does not allow an ALU operation at the same time. The 
second method uses the bidirectional T bus as an input. This 
requires extra bits in the microword, but provides the ability to 
simultaneously test and execute. The test instruction lines, 
I0-4, have priority over T 1 . 4 , for testing status. 

Three-State Output Buffers 

There are two sets of Three-State Output Buffers in the 
Am29116. One set controls the bidirectional, 16-bit Y bus. 
These outputs are enabled by placing a LOW on the OE input. 
A HIGH puts the Y outputs in the high-impedance state, 
allowing data to be input to the Data latch from an external 
source. 

The second set of Three-State Output Buffers controls the 
bidirectional 4-bit T bus and is enabled by placing a HIGH on 
the OEj input. This allows storing the four internal ALU status 


bits (Z, C, N, OVR) externally. A LOW OEj input forces the T 
outputs into the high-impedance state. External devices can 
then drive the T bus to select a test condition for the CT 
output. 

Instruction Latch and Decoder 

The 16-bit Instruction Latch is normally transparent to allow 
decoding of the Instruction Inputs by the Instruction Decoder 
into the internal control signals for the Am29116. All instruc¬ 
tions except Immediate Instructions are executed in a single 
clock cycle. 

Immediate instructions require two clock cycles for execution. 
During the first clock cycle, the Instruction Decoder recognizes 
that an Immediate Instruction is being specified and captures 
the data on the Instruction Inputs In the Instruction Latch. 
During the second clock cycle, the data on the Instruction 
Inputs is used as one of the operands for the function 
specified during the first clock cycle. At the end of the second 
clock cycle, the Instruction Latch is returned to its transparent 
state. 


INSTRUCTION SET 


The Instruction set of the Am29116 is very powerful. In 
addition to the single and two operand logical and arithmetic 
instructions, the Am29116 instruction set contains functions 
particularly useful in controller applications: bit set, bit reset, 
bit test, rotate and merge, rotate and compare, and cyclic- 
redundancy-check (CRC) generation. Complex instructions 
like rotate and merge, rotate and compare, and prioritize are 
executed In a single microcycle. 

Three data types are supported by the Am29116. 


The Am29116 Instruction Set can be divided into eleven 
types of instructions. These are; 


• Single Operand 

• Two Operand 

• Single Bit Shift 

• Rotate and Merge 

• Bit Oriented 

• Rotate by n Bits 


• Rotate and Compare 

• Prioritize 

• Cyclic-Redundancy-Check 

• Status 

• No-Op 


• Bit 

• Byte 

• Word (16-bit) 

In the byte mode data is written into the lower half of the word 
and the upper half is unchanged. The special case is when the 
status register is specified as the destination. In the byte mode 
the LSH (OVR, N, C, Z) of the status register is updated and In 
the word mode all eight bits of the status register are updated. 
The status register does not change for save status and test 
status Instructions. In the test status instructions the CT output 
has the result and the Y-bus is undefined. 


Each instruction type is arbitrarily divided into quadrants. Two 
of the sixteen instruction lines decode to four quadrants 
labelled from 0 to 3. The quadrants were defined mainly for 
convenience in classification of the instruction set and ad¬ 
dressing modes and can be used together with the OP 
CODES to distinguish the instructions. 

The following pages describe eac h of the instruction types in 
detail. Throughout the description OEy is assumed to be LOW 
allowing ALU outputs on the Y-bus. 

Table 1 illustrates operand source-destination combinations 
for each instruction type. 
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TABLE 1. OPERAND SOURCE DESTINATION COMBINATIONS 


Instruction Type 

Operand Combinations (Note 1) 

Prioritize (Note 3) 

Source (R) 

Mask (S) 

Destination 

RAM 

ACC 

D 

RAM 

ACC 

1 

0 

RAM 

ACC 

Y Bus 

Cyclic 

Redundancy 

Check 

Data In 

Destination 

Polynomial 

QLINK RAM ACC 

No Operation 

- 

Set Reset Status 

Bits Affected 

OVR, N, C, Z 

LINK 

Flagi 

Flag2 

Flags 

Store Status 

Source 

Destination 

Status 

RAM 

ACC 

Y Bus 

Status Load 

Source (R) 

Source (S) 

Destination 

D 

ACC 

D 

ACC 

1 

1 

Status 
Status and 
ACC 

Test Status 

Test Condition (CT) 

(N 0 OVR) + Z 

N 0 OVR 

Z 

OVR 

Low 

C 

Z+ C 

N 

LINK 

Flag 1 

Flag 2 

Flag 3 


Instruction Type 

Operand Combinations (Note 1) 


Source (R/S) 

Destination 


RAM (Note 2) 

RAM 


ACC 

ACC 

Single Operand 

D 

Y Bus 


D(0E) 

Status 


D(SE) 

ACC and 
Status 






Source (R) 

Source (S) 

Destination 


RAM 

ACC 

RAM 

Two Operand 

RAM 

D 

1 

RAM 

ACC 

Y Bus 


D 

ACC 

Status 


ACC 

1 

ACC and 


D 

1 

Status 


Source (U) 

Destination 


RAM 

RAM 

Single Bit Shift 

ACC 

ACC 

ACC 

Y Bus 


D 

RAM 


D 

ACC 


D 

Y Bus 


Source (U) 

Destination 

Rotate n Bits 

RAM 

ACC 

RAM 

ACC 


D 

Y Bus 


Source (R/S) 

Destination 

Bit Oriented 

RAM 

ACC 

RAM 

ACC 


C 

) 

Y Bus 


Rotated 


Non-Rotated 

Source/ 


Source (U) 

Mask (S) 

Destination (R) 


D 

1 

ACC 

Rotate and Merge 

D 

D 

RAM 

1 

ACC 

RAM 


D 

ACC 

RAM 


ACC 

1 

RAM 


RAM 

1 

ACC 


Rotated 


Non-Rotated 

Source/ 

Rotate and 

Source (U) 

Mask (S) 

Destination (R) 

D 

1 


Compare 


D 

1 

RAM 


D 

ACC 

RAM 


RAM 

1 

ACC 


Notes: 1. When there is no dividing line between the R&S OPERAND or SOURCE and DESTINATION, the 
two must be used as a given pair. But where there exists such a separation, any combination of 
them Is possible. 

2. In the SINGLE OPERAND INSTRUCTION, RAM cannot be used when both ACC and 
STATUS are designated as a DESTINATION. 

3. In the PRIORITIZE INSTRUCTION, OPERAND and MASK must be different sources. 
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SINGLE OPERAND INSTRUCTIONS 


The Single Operand Instructions contain four indicators: byte 
or word mode, opcode, source and destination. They are 
further subdivided into two types. The first type uses RAM as a 
source or destination or both, and the second type does not 
use RAM as a source or destination. Both types have different 
instruction formats as shown below. Under the control of 
Instruction inputs, the desired function is performed on the 
source and the result is either stored in the specified destina¬ 
tion or placed on the Y-bus or both. For a special case where 


8 -blt to 16-bit conversion is needed, the Am29116 is capable 
of extending sign bit (D(SE)) or binary zero (D(0E)) over 16-bits 
in the word mode. The least significant four bits of the Status 
Register (OVR, N, C, Z) are affected by the function performed 
in this category. The most significant bits of status register 
(FLAG1, FLAG2, FLAGS, LINK) are not affected. The only 
limitation in this type is that the RAM cannot be used as a 
source when both ACC and the Status Register are specified 
as a destination. 


SINGLE OPERAND FIELD DEFINITIONS 


15 14 13 12 9 8 _54_ 

SOR I B/W I Quad I Opcode 1 SRC-Dest I RAM Address 


SONR B/W Quad Opcode 


SINGLE OPERAND INSTRUCTION 


Opcode 


MOVE SRC-.Dest 
COMP S^-^Dest 
INC SRC+I^Dest 
NEG SRC+1-.Dest 


R/S^ Dest^ 


RAM Address 


0000 SORA RAM ACC 00000 ROO RAM Reg 00 
0010 SORY RAM Y Bus 

0011 SORS RAM Status 11111 R31 RAM Reg 31 

0100 SOAR ACC RAM 
0110 SODR D RAM 
0111 SOIR I RAM 

1000 SOZR 0 RAM 

1001 SOZER D(0E) RAM 

1010 SOSER D(SE) RAM 

1011 SORR RAM RAM 


R/S^ Destination 


0100 SOA ACC 00000 NRY Y Bus 

0110 SOD D 00001 NRA ACC 

0111 SOI I 00100 NRS Status® 

1000 SOZ 0 00101 NRAS ACC, Status® 

1001 SOZE D(0E) 

1010 SOSE D(SE) 


1. The instruction mnemonic designates different instruction formats used in the Am29116. They are useful in assembly microcode with 
the System 29 AMDASM'^ meta assembler, 

2. B = Byte Mode, W = Word Mode. 

3. See Instruction Set description. 

4. R = Source; S = Source; Dest = Destination. 

5. When status is destination. 

Status i - Yi i = 0 to 3 (Byte mode) 
i = 0 to 7 (Word mode) 

Y BUS AND STATUS > SINGLE OPERAND INSTRUCTIONS 


B/W Quad 

Opcode 


1100 

MOVE 

SRC-> Dest 


1101 

COMP 

SRCDest 

0 = B 

1110 

INC 

SRC+ 1-.C 

1 = W 11 

1111 

NEG 

SRC + 1-»C 


Instruction 


SOR 

SONR 


SRC = Source 
U = Update 
NC = No Change 


Opcode 


MO 

COI 


Description 


SRC-♦ Dost 

SRC ^Dest _ 

SRC +1 -» Dest 
SRC +1 -H.Dest 


B/W 


0 = B Y 
1 =W V 
Y 



0= Reset 
1 =Set 

i = 0 to 15 when not specified 
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TWO OPERAND INSTRUCTIONS 


The Two Operand Instructions contain five indicators: byte or 
word mode, opcode, R source, S source, and destination. 
They are further subdivided into two types. The first type uses 
RAM as the source and/or destination and the second type 
does not use RAM as source or destination. The first type has 
two formats; the only difference is in the quadrant. Under the 
control of Instruction inputs, the desired function is performed 
on the specified sources and the result is stored in the 


specified destination or placed on the Y>bus or both, The least 
significant four bits of the status register (OVR, N, C, Z) are 
affected by the arithmetic functions performed and only the N 
and Z bits are affected by the logical functions performed. The 
OVR and C bits of the status register are forced to ZERO for 
logical functions. Add with carry and Subtract with carry 
instructions are useful for Multiprecision Add or Subtract. 


TWO OPERAND FIELD DEFINITIONS 


15 14 13 12 9 8 _54_ 

TORI B/W Quad Opcode RAM Address 


B/W Quad 


SRC-SRC 

-Dest 


RAM Address 


B/W Quad SRC-SRC Opcode 


TWO OPERAND INSTRUCTIONS 


Instruction 

B/W 

Quad 




s^ 

Dest^ 

Opcode 

RAM Address 


0-B 

00 

0000 

TORAA 

RAM 

ACC 

ACC 

0000 

SUBR S minus R 

00000 

ROO 

RAM Reg 00 


1 »W 


0010 

TORIA 

RAM 

1 

ACC 

0001 

SUBRC^ S minus R 







0011 

TODRA 

D 

RAM 

ACC 


with carry 

11111 

R31 

RAM Reg 31 




1000 

TORAY 

RAM 

ACC 

Y Bus 

0010 

SUBS R minus S 







1010 

TORIY 

RAM 

1 

Y Bus 

0011 

SUBSC^ R minus S 







1011 

TODRY 

D 

RAM 

Y Bus 


with carry 







1100 

TORAR 

RAM 

ACC 

RAM 

0100 

ADD R plus S 




TOR1 



1110 

TORIR 

RAM 

1 

RAM 

0101 

ADDC R plus S 







1111 

TODRR 

D 

rAm 

RAM 


with carry 





Instruction 

B/W 

Quad 



R^ 


Dest^ 

Opcode 

RAM Address 


0»B 

10 

0001 

TODAR 

D 

ACC 

RAM 

0000 

SUBR S minus R 

00000 ROO RAM Reg 00 


1 »W 


0010 

TOAIR 

ACC 

1 

RAM 

0001 

SUBRC^ S minus R 




0101 

TODIR 

D 

1 

RAM 


with carry 

11111 R31 RAM Reg 31 


SUBS R minus S 

SUBSC^ R minus S 

with carry 
ADD R plus S 

ADDC R plus S 

with carry 
and R * S 
NAND R .S 

EXOR R ffi S 

NOR R + S 

OR R + S 

EXNOR Res 


Note 1: R» Source 
S » Source 

Dest - Destination _ 

Note 2: During subtraction the carry is interpreted as borrow. 
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Notes 1: R *= Source 
S * Source 

2: When status is destination, 

Status i^Yj i = 0 to 3 (Byte mode) 

i * 0 to 7 (Word mode) _ 

3: During subtraction the carry is interpreted as borrow. 


Y BUS AND STATUS CONTENTS - TWO OPERAND INSTRUCTIONS 


:ode Description B/W Y - Bus Flag3 Flag2 LINK 


R S minus R 0 = B Y^S + R + 1 NC NC NC NC 

S minus R with Y^S + R + QC NC NC NC NC 

carry 

S R minus S Y^R + § + 1 NC NC NC NC 

SC R minus S with Y^R + S + QC NC NC NC NC 

carry 

I R plus S Y^R + S NC NC NC NC 

C R plus S with Y^R + S + QC NC NC NC NC 

carry 

I R-S Y^Rj AND Si NC NC NC NC 

ID Yj^Ri NAND Sj NC NC NC NC 

R R®S Yj^Rj EXOR Sj NC NC NC NC 

I WT^ Yj^Rj NOR Sj NC NC NC NC 

R + S Yi*-Ri OR Sj NC NC NC NC 

OR ^ Yj^Rj EXNOR Sj NC NC NC NC 


Opcode 

Description 

SUBR 

S minus R 

SUBRC 

S minus R with 
carry 

SUBS 

R minus S 

SUBSC 

R minus S with 
carry 

ADD 

R plus S 

ADDC 

R plus S with 
carry 

AND 

R-S 

NAND 


EXOR 

R®S 

NOR 

RT^ 

OR 

R + S 

EXNOR 

R®S 


U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 


U U U U 

U U U U 

0 U 0 U 

0 U 0 U 

0 U 0 U 

0 U 0 U 

0 U 0 U 

0 0 0 u 
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SINGLE BIT SHIFT INSTRUCTIONS 


The Single Bit Shift Instructions contain four indicators: byte or 
word mode, direction and shift linkage, source and destination. 
They are further subdivided into two types. The first type uses 
RAM as the source and/or destination and the second type 
does not use RAM as source or destination. Under the control 
of the instruction inputs, the desired shift function is performed 
on the specified source and the result is stored in the specified 
destination or placed on the Y-bus or both. The direction and 
shift linkage indicator defines the direction of the shift (up or 
down) as well as what will be shifted into the vacant bit. On a 
shift-up instruction, the LSB may be loaded with ZERO, ONE, 


or the Link-Status bit (QLINK). The MSB is loaded Into the 
Link-Status bit as shown in Figure 2. On a shift-down 
instruction, the MSB may be loaded with ZERO, ONE, the 
contents of the Status Carry flip-flop, (QC), the Exclusive-OR 
of the Negative-Status bit and the Overflow-Status bit (ON © 
QOVR) or the Link-Status bit. The LSB is loaded into the Link- 
Status bit as shown In Figure 3. The N and Z bits of the Status 
register are affected but the OVR and C bits are forced to 
ZERO. The Shift-Down with ON © QOVR is useful for Two's 
Complement multiplication. 


SINGLE BIT SHIFT FIELD DEFINITIONS: 


SHFTR 

SHFTNR 


15 14 13 12 9 8 5 4 0 


B/W 

Quad 

SRC-Dest 

Opcode 

RAM Address 


B/W 

Quad 

SRC 

Opcode 

Dest 


SOURCE 



DESTINATION 


PF000360 


Figure 2. Shift Up Function. 


SOURCE 


0 

1 

QC 

QNeOOVR 

QUNK 



DESTINATION 


PF000350 


Figure 3. Shift Down Function. 
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SINGLE BIT SHIFT INSTRUCTIONS 


SINGLE BIT SHIFT 


Instruction 

B/W 

Quad 




Dest^ 

Opcode 


RAM 

Address 


0 = B 

10 

0110 

SHRR 

RAM 

RAM 

0000 

SHUPZ 

Up 

0 

00000 

ROO 

RAM Reg 00 


1 =W 


0111 

SHDR 

D 

RAM 

0001 

SHUP1 

Up 

1 



SHFTR 







0010 

SHUPL 

Up 

QLINK 

11111 

R31 

RAM Reg 31 








0100 

SHDNZ 

Down 

0 










0101 

SHDN1 

Down 

1 











0110 

SHDNL 

Down 

QLINK 











0111 

SHDNC 

Down 

QC 











1000 

SHDNOV 

Down 

QN0QOVR 




Instruction 

B/W 

Quad 


Opcode 

Destination 


0 = B 

11 

0110 

SHA 

ACC 


0000 

SHUPZ 

Up 

0 

00000 

NRY 

Y Bus 


1 =W 


0111 

SHD 

D 


0001 

SHUP1 

Up 

1 

00001 

NRA 

ACC 

SHFTNR 







0010 

SHUPL 

Up 

QLINK 











0100 

SHDNZ 

Down 

0 











0101 

SHDN1 

Down 

1 











0110 

SHDNL 

Down 

QLINK 











0111 

SHDNC 

Down 

QC 











1000 

SHDNOV 

Down 

QN0QOVR 





Note 1. U = Source 

Dest = Destination 


Y BUS AND STATUS - SINGLE BIT SHIFT INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

Y - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

C 

z 


SHUPZ 

SHUP1 

Up 0 

Up 1 

1 = w 

Yi-SRCi_i, i = 1 to 15; 

Yo'^ Shift Input 

NC 

NC 

NC 

SRCi5* 

0 

SRCi4 

0 

u 

SHR 

SHNR 

SHUPL 

Up QLINK 

0 = B 

Yj-SRCj_i, i = 1 to 7 ; , 

Yo*“ Shift Input; 

Ys-SRCy. Yi-SRCj_8 
for i == 9 to 15 

NC 

NC 

NC 

SRCy 

0 

SRCe 

0 

u 


SHDNZ 

SHDN1 

Down 0 

Down 1 

1 = W 

Yi-SRC| + i. i = 0 to 14; 

Yi 5 ^ Shift Input 

NC 

NC 

NC 

SRCo* 

0 

Shift 

Input 

0 

u 


SHDNL 

SHDNC 

SHCNOV 

Down QLINK 

Down QC 

Down QN0QOVR 

0 = B 

Yj^SRCj + 1 , i = 0 to 6; 
Yi-SRCi_ 7 , i = 8 to 14; 

Yy 15 -Shift Input 

NC 

NC 

NC 

SRCo* 

0 

Shift 

Input 

0 

u 
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BIT ORIENTED INSTRUCTIONS 


The Bit Oriented Instructions contain four indicators: byte or 
word mode, operation, source/destination, and the bit position 
of the bit to be operated on (Bit 0 is the least significant bit). 
They are further subdivided into two types. The first type uses 
the RAM as both source and destination and has two kinds of 
formats which differ only by quadrant. The second type does 
not use the RAM as a source or a destination. Under the 
control of the instruction inputs, the desired function Is 
performed on the specified source and the result is stored in 
the specified destination or placed on the Y-bus or both. The 
operations which can be performed are: Set Bit n which forces 
the n^^ bit to a ONE leaving other bits unchanged; Reset Bit n 


which forces the n^^ bit to ZERO leaving the other bits 
unchanged; Test Bit n, which sets the ZERO Status Bit 
depending on the state of bit n leaving all the bits unchanged; 
Load which loads ONE In Bit position n and ZERO in all 
other bit positions; Load 2^ which loads ZERO In bit position n 
and ONE In all other bit positions; increment by 2^, which adds 
2 ^ to the operand; and decrement by 2 ^ which subtracts 2 *^ 
from the operand. For all the Load, Set, Reset and Test 
instructions, the N and Z bits are affected and OVR and C bit 
of the Status register are forced to ZERO. For all arithmetic 
instructions the LSH (OVR, C, N, Z bits) of the Status register 
is affected. 


BIT ORIENTED FIELD DEFINITIONS 


15 14 13 129 8 5 4 0 


BOR1 


BOR2 


BONR 


B/W 

Quad 

[11 

Opcode 

RAM Address 


B/W 

Quad 


Opcode 

RAM Address 


B/W 

Quad 


1100 

Opcode 


BIT ORIENTED INSTRUCTIONS 



B/W 

Quad 

n 

Opcode 

RAM Address 






SETNR 

Set RAM, bit n 

00000 

ROO 


BOR1 




RSTNR 

Reset RAM, bit n 







TSTNR 

Test RAM, bit n 

11111 

R31 


Instruction 

B/W 

Quad 

n 

Opcode 

RAM Address 

BOR2 


10 

0 to 15 

1100 

1101 

1110 

1111 

LD2NR 

LDC2NR 

A2NR 

S2NR 

2"^ RAM 

2" -^RAM 

RAM plus 2" ^RAM 

RAM minus 2^ -RAM 

00000 

11111 

ROO 

R31 

RAM Reg 00 

RAM Reg 31 

Instruction 

B/W 

Quad 

n 


Opcode 








00000 

TSTNA 

Test ACC, bit n 








00001 

RSTNA 

Reset ACC, bit n 








00010 

SETNA 

Set ACC, bit n 








00100 

A2NA 

ACC plus 2" -ACC 








00101 

S2NA 

ACC minus 2" -ACC 








00110 

LD2NA 

2^ -ACC 

BONR 

0 = B 

1 *W 

11 

0 to 15 

1100 



00111 

10000 

LDC2NA 

TSTND 

T' -ACC 

Test D, bit n 








10001 

RSTND 

Reset D, bit n 








10010 

SETND 

Set D, bit n 








10100 

A2NDY 

D plus 2" - Y BUS 








10101 

S2NDY 

D minus 2*^ - Y Bus 








10110 

LS2NY 

2" - Y Bus 








10111 

LDC2NY 

2" - Y Bus 


i 
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BIT ORIENTED INSTRUCTIONS 

Y BUS AND STATUS - BIT ORIENTED INSTRUCTIONS 


Instruction 

Opcode 

Description 


Y - Bus 




ITffH 

EE 

□ 

B 



SETNR 

Set RAM Bit n 

0 = B 



■SSI 

■231 


n 

n 

D 



RSTNR 

Reset RAM, Bit n 

1 - W 




■2^1 


o 

D 

O 



TSTNR 

Test Ram, Bit n 


Yj-O for i#=n; Yn —SRCn 

NC 



129 

0 

D 

D 



LD2NR 

2"-RAM 


Yi-0 for \i=n-. Yn-1 

NC 




0 

D 

0 

0 


LDC2NR 

^’-RAM 


Yj-1 for i=An; Yp-O 

NC 


M2SH 


0 

D 

O 

0 

A2NR 

RAM+ 2"-RAM 


YrRAM +2'^ 

NC 


■2^H 


o 

D 

D 

El 


S2NR 

RAM-2"-RAM 


Yi-RAM-2” 

NC 




o 

D 

D 

El 






NC 



MBi 

o 


O 



RSTNA 

Reset ACC, Bit n 


Yj-ACCj for i=^n: Yp-O 

NC 

mom 

HQ^II 


0 

o 

a 

EB 


SETNA 

Set ACC, Bit n 


Yj-ACCj for Yn-1 

NC 

lUQI 

1291 


0 

D 

o 



A2NA 

ACC+ 2"-ACC 


Yi-ACC + 2'' 

NC 

IQQIII 

BB9I 

B3 

o 

D 

D 

El 


S2NA 

ACC-2"-ACC 


Yi-ACC-2" 

NC 

moon 

mQQH 

129 

o 

D 

D 

EB 


LD2NA 

2"-ACC 


Yi-0 for i=An; Yn-1 

NC 

HQI 

BB9i 

123 

0 

D 

0 

0 

BONR 

LDC2NA 

2”-ACC 


Yj-1 for i=?tn; Yn^O 

NC 

IHSI 

BS9I 

129 

0 

D 

o 

0 




Yj-O for i:An; Yn-Dp 

NC 

HSSH 

1112911 

99 

0 

D 

o 

BB 


RSTND 

Reset D, Bit n* 


Yj-Dj for i#n; Yn-0 

NC 

HE^H 

BS3i 

BB 

o 

O 

a 

BB 


SETND 

Set D, Bit n* 


Yj-Dj for i^n; Yn*-1 

NC 

HSSI 


99 

0 

D 

o 

EB 


A2NDY 

D + 2"-Y Bus 


Y-D + 2" 

NC 

NC 

NC 

NC 

u 

U 

u 

U 


S2NDY 

D-2"-Y Bus 


Y^D-2” 

NC 

NC 

NC 

NC 

u 

U 

u 

U 


LD2NY 

2"-Y Bus 


Yj-O for i=^n; Yp-I 

NC 

NC 

NC 

NC 

0 

n 

a 

EB 


LDC2NY 

2"-Y Bus 


Yj^-I for i^n; Yn*-0 

HSSli 

NC 

B!9I 


■i 

Bl 

o 

■a 


SRC » Source 
U » Update 
NC = No Change 
0 = Reset 
1 - Set 

i - 0 to 15 when not specified 
* Destination is not D Latch but Y Bus. 
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ROTATE BY n BITS INSTRUCTIONS 


The Rotate by n Bits Instructions contain four indicators: byte 
or word mode, source, destination and the number of places 
the source is to be rotated. They are further subdivided into 
two types. The first type uses RAM as a source and/or a 
destination and the second type does not use RAM as a 
source or destination. The first type has two different formats 
and the only difference is in the quadrant. The second type 
has only one format as shown In the table. Under the control 
of instruction Inputs, the n indicator specifies the number of bit 
positions the source is to be rotated up (0 to 15), and the result 


is either stored in the specified destination or placed on the Y- 
bus or both. An example of this instruction is given in Figure 4. 
In the Word mode, all 16-blts are rotated up while In the Byte 
mode, only lower 8-blts (0-7) are rotated up. In the Word 
mode, a rotate up by n bits is equivalent to a rotate down by 
(16-n) bits. Similarly, In the Byte mode a rotate up by n bits Is 
equivalent to a rotate down by (8-n) bits. The N and Z bits of 
the Status Register are affected and OVR and C bits are 
forced to ZERO. 


EXAMPLE: n = 4, Word Mode 


Source 

0001 0011 

0111 

1111 

Destination 

0011 0111 

1111 

0001 

EXAMPLE: 

n = 4, Byte Mode 



Source 

0001 0011 

0111 

1111 

Destination 

0001 0011 

1111 

0111 


Figure 4. Rotate by n Example 


ROTATE BY n BITS FIELD DEFINITIONS 


15 14 13 12 9 8 5 4 0 


ROTR1 

ROTR2 

ROTNR 


B/W 

Quad 


SRC-Dest 

RAM Address 


B/W 

Quad 


SRC-Dest 

RAM Address | 


B/W 

Quad 


1100 

SRC-Dest 


ROTATE BY n BITS INSTRUCTIONS 


Instruction 

B/W 

Quad 

n 

Dest^ 

RAM Address 






00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 

n 

Dest^ 

RAM Address 

ROTR2 

0 = B 

1 =W 

01 

0 to 15 

0000 RTAR ACC RAM 

0001 RTDR D RAM 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 

n 


Dest^ 





1100 

11000 RTDY D Y Bus 

11001 RTDA D ACC 

11100 RTAY ACC Y Bus 

11101 RTAA ACC ACC 


Note 1: U = Source 

Dest * Destination 


Y BUS AND STATUS - ROTATE BY n BITS INSTRUCTIONS 












B 



■ 

BEEB 



H!3I 

BiBI 

K3I 



D 

B 









D 

D 


SRC = Source 
U = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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ROTATE AND MERGE INSTRUCTION 


The Rotate and Merge Instructions contain five indicators: 
byte or word mode, rotated source, non-rotated source/ 
destination, mask and the number of bit positions a source is 
to be rotated. The function performed by the Rotate and 
Merge instruction is illustrated In Figure 5. The rotated source, 
U, is rotated up by the Barrel Shifter n places. The mask input 
then selects, on a bit by bit basis, the rotated U input or R 


input. A ZERO in bit i of the mask will select the l‘" bit of the R 
Input as the i*^ output bit, while ONE in bit i will select the i^^ 
rotated U input as the output bit. The output word Is stored in 
the non-rotated operand location. The N and Z bits are 
affected. The OVR and C bits of the Status register are forced 
to ZERO. An example of this Instruction Is given In Figure 6. 


ROTATE AND MERGE FIELD DEFINITIONS: 


15 14 13 129 8 



B/W 

Quad 

n 

ROT SRC- 
Non ROT SRC- 

RAM Address 




Mask 



EXAMPLE: n = 4, Word Mode 

U 0011 0001 0101 

Rotated U 0001 0101 0110 

R 1010 1010 1010 

Mask (S) 0000 1111 0000 

Destination 1010 0101 1010 

Figure 6. Rotate and Merge Example. 


Figure 5. Rotate and Merge Function. 


Instruction B/W Quad 


ROTATE AND MERGE INSTRUCTION 


R/Dest^ 



1 

D 

AC 

R 

D 

AC 

1 

D 

RA 

A 

D 

RA 

il 

ACC 

RA 

J 

RAM 

AC 


Note 1. U = Rotated Source 

R/Dest = Non-Rotated Source and Destination 
S = Mask 



Y BUS AND STATUS > ROTATED MERGE 





U * Update 
NC “ No Change 
0 = Reset 
1 =Set 

i “ 0 to 15 when not specified 
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ROTATE AND COMPARE INSTRUCTIONS 


The Rotate and Compare Instructions contain five Indicators: 
byte or word mode, rotated source, non-rotated source, mask, 
and the number of bit positions the rotated source is to be 
rotated up. Under the control of Instruction inputs, the function 
performed by the Rotate and Compare instruction is illustrated 
in Figure 7. The rotated operand is rotated by the Barrel Shifter 
n places. The mask is inverted and ANDed on a bit-by-bit basis 


with the output of the Barrel Shifter and R input. Thus, a ONE 
In the mask input eliminates that bit from the comparison. A 
ZERO allows the comparison. If the comparison passes, the 
Zero flag is set. If it fails, the Zero flag Is reset. The N and Z bit 
are affected. The OVR and C bits of the Status register are 
forced to ZERO. An example of this Instruction is given in 
Figure 8. 


ROTATE AND COMPARE FIELD DEFINITIONS 


15 14 13 129 8 



B/W 

Quad 

n 

Rot Src- 
Non Rot Src- 

RAM Address 




Mask 



EXAMPLE: n = 4, Word Mode 

U 0011 0001 

U Rotated 0001 0101 

R 0001 0101 

Mask (S) 0000 0000 

Z (status) = 1 


Figure 8. Rotate and Compare Examples. 


0011 

0001 

0101 

0110 

0001 

0101 

0110 

0011 

0001 

0101 

1111 

0000 

0000 

0000 

1111 

1111 


Figure 7. Rotate and Compare Function. 


ROTATE AND COMPARE iNSTRUCTIONS 


instruction 

B/W 

Quad 

n 


RAM Address 

ROTC 

0=B 

1 «W 

01 

0 to 15 

0010 CDAI D ACC 1 

0011 CDRI D RAM 1 

0100 CDRA D RAM ACC 

0101 CRAI RAM ACC I 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 


Note 1. U * Rotated Source 

R * Non-Rotated Source 
S * Mask 


Y BUS AND STATUS - ROTATE AND COMPARE 


Instruction 

Opcode 

B/W 

Y - Bus 

Flags 

Flags 

Fiagl 

LINK 

OVR 

N 

C 

z 

ROTC 


1 = w 

Yj*-(Non Rot Op)i-(mask)i ® 

(Rot Op)(j_n)mod i6-(mask)i 

NC 

NC 

NC 

NC 

0 

u 

0 

u 



0 = B 

Yi*-(Non Rot Op)i* (mask)}® 

(Rot Op)(i_n)mod 8*(niask)i 

NC 

NC 

NC 

NC 

0 

u 

0 

u 


U “ Update 
NC * No Change 
0 “ Reset 
1 - Set 

i«0 to 15 when not specified 
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PRIORITIZE INSTRUCTION 


The Prioritize Instructions contain four indicators: byte or word 
mode, operand source (R), mask source (S) and destination. 
They are further subdivided Into two types. The function 
performed by the Prioritize instruction is shown in Figure 9. 
The R operand is ANDed with the complement of the Mask 
operand. A ZERO In the Mask operand allows the correspond¬ 
ing bit in the R operand to participate in the priority encoding 
function. A ONE In the Mask operand forces the correspond¬ 
ing bit In the R operand to a ZERO, eliminating It from 
participation in the priority encoding function. 


The priority encoder accepts a 16-blt input and produces a 5- 
bit binary-weighted code indicating the bit position of the 
highest priority active bit. If none of the inputs are active, the 
output is ZERO. In the Word mode, if input bit 15 is active, the 
output Is 1, etc. Figure 10 lists the output as a function of the 
highest-priorlty active-bit position in both the Word and Byte 
mode. The N and Z bits are affected and the OVR and C bits 
of the status register are forced to ZERO. The only limitation in 
this instruction is that the operand and the mask must be 
different sources. 


R S (MASK) 



Figure 9. Prioritize Function. 


PRIORITIZE INSTRUCTION FIELD DEFINITIONS 

15 14 13 12 9 8 5 4 0 


B/W 

Quad 

Destination 

Source (R) 

RAM Address/ 
Mask (S) 


B/W 

Quad 

Mask (S) 

Destination 

RAM Address/ 
Source (R) 


B/W 

Quad 

Mask (S) 

Source (R) 

RAM Address/ 
Destination 


B/W 

Quad 

Mask (S) 

Source (R) 

Destination 

WORD MODE 

BYTE MODE* 

Highest 

Encoder 

Highest 

Encoder 

Priority 
Active Bit 

Output 

aSIv. Bit 

None 

0 

None 

0 


15 

1 

7 

1 


14 

2 

6 

2 


1 

15 

1 

7 


0 

16 

0 

8 


•Bits 8 through 15 do not participate. 


Figure 10. 


PRIORITIZE INSTRUCTION 



B/W 

Quad 

Destination 

Source (R) 

RAM Address/Mask (S) 

PRT1 


10 

1000 PRIA ACC 

1010 PR1Y Y Bus 

1011 PR1R RAM 

0111 RPT1A ACC 

1001 PR1D D 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 


B/W 


Mask (S) 

Destination 

RAM Address/Source (R) 

PRT2 



1000 PR A Acc 

1010 PRZ 0 

1011 PRI 1 

0000 PR2A ACC 

0010 PR2Y Y Bus 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 

Mask (S) 

Source (R) 

RAM Address/Dest 



10 

1000 PR A ACC 

1010 PRZ 0 

1011 PRI 1 

0011 PR3R RAM 

0100 PR3A ACC 

0110 PR3D D 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 



Quad 

Mask (S) 

Source (R) 

Destination 

PRTNR 

0-B 

1 -W 

11 

1000 PR A ACC 

1010 PRZ 0 

1011 PRI 1 


00000 NRY Y Bus 

00001 NRA ACC 
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Y BUS AND STATUS - PRIORITIZE INSTRUCTION 


Instruction 

Opcode 

B/W 

Y - Bus 






D 


Q 

PRT1 

PRT2 



Yj^^CXDDE (SCRn-rnaik;;); 

Ym«-0: i = 0 to 4 and n = 0 to 15 
m = 5 to 15 

NC 

NC 

NC 

NC 

g 




PRT3 

PRTNR 











u 


SRC = Source NC = No Change 1 = Set 

U“ Update 0* Reset i = 0 to 16 when not specified 


CRC INSTRUCTION 


The CRC (Cyclic-Redundancy-Check) Instructions contain one 
Indicator: address of a RAM register to use as the check sum 
register. The CRC Instruction provides a method for genera¬ 
tion of the check bits in a CRC calculation. Two CRC 
Instructions are provided - CRC Forward and CRC Reverse. 
The reason for providing two instructions is that CRC Stan¬ 
dards do not specify which data bit is to be transmitted first, 
the LSB or the MSB, but they do specify which check bit must 
be transmitted first. Figure 11 illustrates the method used to 
generate these check bits for the CRC Forward function and 


Figure 12 illustrates method used for the 2CRC Reverse 
function. The ACC serves as a polynominal mask to define the 
generating polynomial while the RAM register holds the partial 
result and eventually the calculated check sum. The LINK-bIt 
is used as the serial input. The serial input combines with the 
MSB of the check-sum register, according to the polynomial 
defined by the polynomial mask register. When the last input 
bit hasT been processed, the check-sum register contains the 
CRC check bits. The LINK, N and Z bits are affected and the 
OVR and C bits of the Status register are forced to ZERO. 


CYCLIC-REDUNDANCY-CHECK DEFINITIONS: 


CRCF 

CRCR 


15 14 13 12 9 8 5 4 0 


1 

Quad 

0110 

0011 

RAM Address 


1 

Quad 

0110 

1001 

RAM Address 



Figure 11. CRC Forward Function. 


PF000330 
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CRC INSTRUCTION 



PF000320 


Figure 12. CRC Reverse Function. 


CYCLIC REDUNDANCY CHECK 


Instruction 

B/W 

Quad 



RAM Address 

CRCF 

1 

10 

0110 

0011 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 

Instruction 

B/W 

Quad 



RAM Address 

CRCR 

1 

10 

0110 

1001 

00000 ROO RAM Reg 00 

11111 R31 RAM Reg 31 


Y BUS AND STATUS - CYCLIC REDUNDANCY CHECK 


Instruction 

Opcode 

B/W 

Y - Bus 

Flags 

Flags 

Flagi 

LINK 

OVR 

□ 

□ 

Q 

CRCF 


1 = w 

YrUQLINK ® RAMi 5 )-ACCiJ 
® RAMi _ 1 for i = 15 to 1 

Yo-[(QLINK ® RAMi 5 )'ACCo] © 0 

NC 

NC 

NC 

RAM 15 * 

0 

u 

0 

u 

, CRCR 


1 =w 

Yi-[(QUNK © RAMo) ACCil 
© RAMj-Hi for i = 14 to 0 

Yi 5 -[(QUNK © RAMo)- ACC 15 I © 0 

NC 

NC 

NC 

RAMo* 

0 

u 

0 

u 


*QLINK is loaded with the shifted out bit from the checksum register. 

U = Update 
NC = No Change 
0 = Reset 
1 = Set 

i = 0 to 15 when not specified 
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STATUS INSTRUCTIONS 


Status Instructions - The Set Status Instruction contains a 
single Indicator. This indicator specifies which bit or group of 
bits, contained in the status register (Figure 13), are to be set 
(forced to a ONE). 

7 6 5 4 3 2 1 0 

Flag3 Flag2 Flagi LINK QVR N C Z 

MPR-775 

Figure 13. Status Byte. 

The Reset Status Instruction contains a single indicator. This 
indicator specifies which bit or group of bits, contained in the 
status register, are to be reset (forced to ZERO). 

The Store Status Instruction contains two Indicators; byte/ 
word and a second indicator that specifies the destination of 
the status register. The Store Status Instruction allows the 
status of the processor to be saved and restored later, which 
Is an especially useful function for interrupt handling. 

The status register is always stored in the lower byte of the 
RAM or the ACC register. Depending upon byte or word mode 
the upper byte is unchanged or loaded with all ZEROs 
respectively. 

The Load Status Instructions are included in the single 
operand and two operand instruction types. 

The Test Status Instructions contain a single indicator which 
specifies which one of the 12 possible test conditions are to 
be placed on the Conditional-Test output. Besides the eight 
bits in the Status register (QZ, QC, QN, QOVR, QLINK, 
QFIagI, QFlag 2, and QFIag3), four logical functions (QN © 
QOVR, (QN © QOVR) -i- QZ, QZ -i- QC and LOW may also be 
selected. These functions are useful In testing results of Two's 
Complement and unsigned number arithmetic operations. The 
status register may also be tested via the bidirectional T bus. 
The code to test the status register via T bus is similar to the 
code used by instruction lines H to I 4 as shown below. 
Instruction lines Iq - 4 have priority over T bus for testing the 


status register on CT output. See the discussion on the status 
register for a full description. 


(N © OVR) + Z 
N © OVR 
Z 

OVR 

LOW 

C 

Z +C ~ 

N 

LINK 

Flagi _ 

Flag2 _ 

Flag3 


15 14 13 12 9 8 5 4 _( 

SETST 0 Quad 1011 1010 Opcode 

RSTST 0 Quad 1010 1010 Opcode 

SVSTR B/W Quad 0111 1010 RAM Address/Dest 

SVSTNR I B/W 1 Quad I 0111 I 1010 I Destination 


STATUS INSTRUCTIONS 
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STATUS INSTRUCTIONS 


Instruction 

B/W 

Quad 



Opcode (CT) 






00000 

TNOZ 

Test (N®OVR) + Z 






00010 

TNO 

Test N®OVR 






00100 

TZ 

Test Z 






00110 

TOVR 

Test OVR 






01000 

TLOW 

Test LOW 

Test 

0 

11 

1001 

1010 

01010 

TC 

Test C 






01100 

TZC 

Test Z + C 






OHIO 

TN 

Test N 






10000 

TL 

Test LINK 






10010 

TF1 

Test Flagi 






10100 

TF2 

Test Flag2 






10110 

TF3 

Test Flag3 


Note; lEN • test status instruction has priority over Ti _4 instruction. 


Y BUS AND STATUS - FOR STATUS INSTRUCTIONS 


Instruction 

Opcode 

Description 

B/W 

V - Bus 

Flags 

Flag2 

Flagi 

LINK 

OVR 

N 

c 

z 


SONCZ 

Set OVR. N, C. Z 

0 = B 

Yj-1 for i = 0 to 15 

NC 

NC 

NC 

NC 

1 

1 

1 

1 


SL 

Set LINK 



NC 

NC 

NC 

1 

NC 

NC 

NC 

NC 

SETST 

SF1 

Set Flagi 



NC 

NC 

1 

NC 

NC 

NC 

NC 

NC 


SF2 

Set Flag2 



NC 

1 

NC 

NC 

NC 

NC 

NC 

NC 


SF3 

Set Flag3 



1 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


RONCZ 

Reset OVR, N, C. Z 

0 = B 

Yj-O for i = 0 to 15 

NC 

NC 

NC 

NC 

0 

0 

0 

0 


RL 

Reset LINK 



NC 

NC 

NC 

0 

NC 

NC 

NC 

NC 

RSTST 

RF1 

Reset Flagi 



NC 

NC 

0 

NC 

NC 

NC 

NC 

NC 


RF2 

Reset Flag2 



NC 

0 

NC 

NC 

NC 

NC 

NC 

NC 


RF3 

Reset Flag3 



0 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

SVSTR 

SVSTNR 


Save Status* 

0 = B 

1 = W 

Yj*-Status for i-0 to 7; 

Yj-O for i = 8 to 15 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TNOZ 

Test (N0OVR) + Z 

0 = B 

** 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TNO 

Test N0OVR 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TZ 

Test Z 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TOVR 

Test OVR 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TLOW 

Test LOW 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

Test 

TC 

Test C 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TZC 

Test Z + n 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TN 

Test N 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TL 

Test LINK 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF1 

Test Flagi 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF2 

Test Flag2 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


TF3 

Test Flag3 



NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 
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NO-OP INSTRUCTION 


The NO-OP Instruction has a fixed16-bit code. This instruction NO OPERATION FIELD DEFINITION 

does not change any internal registers In the Am29116. It 

preserves the status register, RAM register and the ACC 15 14 13 12 9 8 5 4 0 


register. ^ 0 ^, 

NO-OP INSTRUCTK 

5 0 11 1000 

1010 00000 

>N 

Instruction 

B/W 

Quad 




NOOP 

0 

11 

1000 

1010 

00000 

Y BUS AND STATUS - NO-OP INSTRUCTION 

Instruction 

Opcode 

B/W 

■Bia 






N 

C 

z 

NOOP 


0 = B 

* 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


SRC = Source 
U = Update 
NC = No Change 
0 = Reset 
1 =Set 

1 = 0 to 15 when not specified 
*Y-Bus is undefined. 
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SUMMARY OF MNEMONICS 

Instruction Type 

Two Operand 

SOR 

Single Operand RAM 

TORAA 

Two Operand RAM, ACC to ACC 

SONR 

Single Operand Non-RAM 

TORIA 

Two Operand RAM, 1 to ACC 

TORI 

Two Operand RAM (Quad 0) 

TODRA 

Two Operand D, RAM to ACC 

TOR2 

Two Operand RAM (Quad 2) 

TORAY 

Two Operand RAM, ACC to Y Bus 

TONR 

Two Operand Non-RAM 

TORIY 

Two Operand RAM, 1 to Y Bus 

SHFTR 

Single Bit Shift RAM 

TODRY 

Two Operand D, RAM to Y Bus 

SHFTNR 

Single Bit Shift Non-RAM 

TORAR 

Two Operand RAM, ACC to RAM 

ROTR1 

Rotate n Bits RAM (Quad 0) 

TORIR 

Two Operand RAM, 1 to RAM 

ROTR2 

Rotate n Bits RAM (Quad 1) 

TODRR 

Two Operand D, RAM to RAM 

ROTNR 

Rotate n Bits Non-RAM 

TODAR 

Two Operand D, ACC to RAM 

BOR1 

Bit Oriented RAM (Quad 3) 

TOAIR 

Two Operand ACC, 1 to RAM 

BOR2 

Bit Oriented RAM (Quad 2) 

TODIR 

Two Operand D, 1 to RAM 

BONR 

Bit Oriented Non-RAM 

TODA 

Two Operand D, ACC 

ROTM 

Rotate and Merge 

TOAI 

Two Operand ACC, 1 

ROTC 

Rotate and Compare 

TODI 

Two Operand D, 1 

PRT1 

Prioritize RAM; Type 1 

Sinale Bit Shift 

PRT2 

Prioritize RAM; Type 2 

*0 


PRT3 

Prioritize RAM; Type 3 

SHRR 

Shift RAM, Store in RAM 

PRTNR 

Prioritize Non-RAM 

SHDR 

Shift D, Store in RAM 

CRCF 

Cyclic Redundancy Check Forward 

SHA 

Shift ACC 

CRCR 

Cyclic Redundancy Check Reverse 

SHD 

Shift D 

NOOP 

No Operation 

Rotate n Bits 

SETS! 

Set Status 





RTRA 

Rotate RAM, Store in ACC 

RSTST 

Reset Status 





RTRY 

Rotate RAM, Place on Y Bus 

SVSTR 

Save Status RAM 





RTRR 

Rotate RAM, Store in RAM 

SVSTNR 

Save Status Non-RAM 





RTAR 

Rotate ACC, Store in RAM 

TEST 

Test Status 

RTDR 

Rotate D, Store in RAM 

SOURCE AND DESTINATION 

RTDY 

Rotate D, Place on Y Bus 



RTDA 

Rotate D, Store in ACC 

single uperana 





RTAY 

Rotate ACC, Place on Y Bus 

SORA 

Single Operand RAM to ACC 

RTAA 

Rotate ACC, Store in ACC 

SORY 

Single Operand RAM to Y Bus 



SORS 

Single Operand RAM to Status 

Rotate and 

Merge 

SOAR 

Single Operand ACC to RAM 

MDAI 

Merge Disjoint Bits of D and ACC Using 

SODR 

Single Operand D to RAM 


1 as Mask and Store in ACC 

SOIR 

Single Operand 1 to RAM 

MDAR 

Merge Disjoint Bits of D and ACC Using 

SOZR 

Single Operand 0 to RAM 


RAM as Mask and Store in ACC 

SOZER 

Single Operand D(0E) to RAM 

MDRI 

Merge Disjoint Bits of D and RAM Using 

SOSER 

Single Operand D(SE) to RAM 


1 as Mask and Store in RAM 

SORR 

Single Operand RAM to RAM 

MDRA 

Merge Disjoint Bits of D and RAM Using 

SOA 

Single Operand ACC 


ACC as Mask and Store in RAM 

SOD 

Single Operand D 

MARI 

Merge Disjoint Bits of ACC and RAM 

SOI 

Single Operand 1 


Using 1 as Mask and Store In RAM 

SOZ 

Single Operand 0 

MRAI 

Merge Disjoint Bits of RAM and ACC 

SOZE 

Single Operand D(0E) 


Using 1 as Mask and Store in ACC 

SOSE 

Single Operand D(SE) 



NRY 

Non-RAM Y Bus 

Rotate and 

Compare 

NRA 

Non-RAM ACC 

CDAI 

Compare Unmasked Bits of D and ACC 

NRS 

Non-RAM Status 


Using 1 as Mask 

NRAS 

Non-RAM ACC, Status 





Mnemonics copyright © 1980 
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CDRI 

Compare Unmasked Bits of D and RAM 
Using 1 as Mask 

CDRA 

Compare Unmasked Bits of D and RAM 
Using ACC as Mask 

CRAI 

Compare Unmasked Bits of RAM and ACC 

Using 1 as Mask 

Prioritize 

PR1A 

ACC as Destination for Prioritize Type 1 

PR1Y 

Y Bus as Destination for Prioritize Type 1 

PR1R 

RAM as Destination for Prioritize Type 1 

PRT1A 

ACC as Source for Prioritize Type 1 

PR1D 

D as Source for Prioritize Type 1 

PR2A 

ACC as Destination for Prioritize Type 2 

PR2Y 

Y Bus as Destination for Prioritize Type 2 

PR3R 

RAM as Source for Prioritize Type 3 

PR3A 

ACC as Source for Prioritize Type 3 

PR3D 

D as Source for Prioritize Type 3 

PRTA 

ACC as source for Prioritize Type 
Non-RAM 

PRTD 

D as Source for Prioritize Type Non-RAM 

PRA 

ACC as Mask for Prioritize Type 2, 3, 
and Non-RAM 

PRZ 

Mask Equal to Zero for Prioritize Type 

2, 3, and Non-RAM 

PRi 

i as Mask for Prioritize Type 2, 3, and 
Non-RAM 

OPCODE 

Addition 

ADD 

Add without Carry 

ADDC 

Add with Carry 

A2NA 

Add 2” to ACC 

A2NR 

Add 2" to RAM 

A2NDY 

Add 2*^ to D, Place on Y Bus 

Subtraction 

SUBR 

Subtract R from S without Carry 

SUBRC 

Subtract R from S with Carry 

SUBS 

Subtract S from R without Carry 

SUBSC 

Subtract S from R with Carry 

S2NR 

Subtract 2^ from RAM 

S2NA 

Subtract 2^ from ACC 

S2NDY 

Subtract 2^ from D, Place on Y Bus 

Logicai Operations 

AND 

Boolean AND 

NAND 

Boolean NAND 

EXOR 

Boolean EXOR 

NOR 

Boolean NOR 

OR 

Boolean OR 

EXNOR 

Boolean EXNOR 

SHIFTS 

SHUPZ 

Shift Up Towards MSB with 0 Insert 

SHUPI 

Shift Up Towards MSB with 1 Insert 

SHUPL 

Shift Up Towards MSB with LINK Insert 


SHDNZ 

Shift Down Towards LSB with 0 Insert 

SHDN1 

Shift Down Towards LSB with 1 Insert 

SHDNL 

Shift Down Towards LSB with LINK Insert 

SHDNC 

Shift Down Towards LSB with Carry Insert 

SHDNOV 

Shift Down Towards LSB with Sign EXOR 
Overflow Insert 

Loads 

LD2NR 

Load 2" into RAM 

LDC2NR 

Load 2^ into RAM 

LD2NA 

Load 2^ into ACC 

LDC2NA 

Load ^ into ACC 

LD2NY 

Place 2^ on Y Bus 

LDC2NY 

Place ^ on Y Bus 

Bit Oriented 

SETNR 

Set RAM, Bit n ; 

SETNA 

Set ACC, Bit n 

SETND 

Set D, Bit n 

SONCZ 

Set OVR, N, C, Z, in Status Register 

SL 

Set LINK Bit in Status Register 

SF1 

Set Flagi Bit in Status Register 

SF2 

Set Flag2 Bit in Status Register 

SF3 

Set Flag3 Bit in Status Register 

RSTNR 

Reset RAM, Bit n 

RSTNA 

Reset ACC, Bit n 

RSTND 

Reset D, Bit n 

RONCZ 

Reset OVR, N, C, Z, in Status Register 

RL 

Reset LINK Bit In Status Register 

RF1 

Reset Flagi Bit in Status Register 

RF2 

Reset Flag2 Bit in Status Register 

RF3 

Reset Flag3 Bit in Status Register 

TSTNR 

Test RAM, Bit n 

TSTNA 

Test ACC, Bit n 

TSTND 

Test D, Bit n 

Arithmetic Operations 

MOVE 

Move and Update Status 

COMP 

Complement (1's Complement) 

INC 

Increment 

NEG 

Two’s Complement 

Conditional Test 

TNOZ 

Test (N ® OVR) + Z 

TNO 

Test N ® OVR 

TZ 

Test Zero Bit 

TOVR 

Test Overflow Bit 

TLOW 

Test for LOW 

TC 

Test Carry Bit 

TZC 

Test Z + C 

TN 

Test Negative Bit 

TL 

Test LINK Bit 

TF1 

Test Flagi Bit 

TF2 

Test Flag2 Bit 

TF3 

Test Flags Bit 


Mnemonics copyright © 1980 
Advanced Micro Devices, Inc. 
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ABSOLUTE MAXIMUM RATINGS 


OPERATING RANGES 



Storage Temperature.-65®C to +150X 

(Case) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 





Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1 ) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vec = min 

ViN = V|H or V|L 

Yo-s 

Ti-4 

CT 

•oh = - 1 -SmA/- 1 .2mA 
(COM'L/MIL) 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vec = min 

V|N = V|H or V|L 

Yo-15 

Ti-4 

CT 

lOL = 16mA/12mA 
(COM’L/MIL) 



0.5 

Volts 

V|H 

Guaranteed Input Logical 
HIGH Voltage (Note 6 ) 


All Inputs 


2.0 



Volts 

V|L 

Guaranteed Input Logical 
LOW Voltage (Note 6 ) 


All Inputs 


■ 




V, 

Input Clamp Voltage 

Vcc = min 

All Inputs 

I|N =-18mA 

\ 


-1.5 

bsb 

l|L 

Input LOW Current 

Vec = max 

V|N = 0.5 Volts 
(Note 4) 

lEN 

§RE 

DLE 

k-4 

W 

QEy 

qp 

M -4 

Yo-15 




-0.50 

-0.50 

- 1.00 

- 1.00 

-0.50 

-0.50 

-0.50 

-1.50 

-0.55 

-0.55 





lEN 

SRE 

DLE 

l0-4 

15-15 

OEt 

OEy 

CP 

Ti-4 

Yo-15 




50 

50 

100 

100 

50 

50 
^ 50 

150 

100 

100 


l| 

Input HIGH Current 

Vcc = max 

V|N = 5.5 Volts 





m 


lOZH 

Off State (HIGH Impedance) 
Output Current 

Vcc = max 

Vo = 2.4 Volts (Note 4) 







lOZL 

Off State (HIGH Impedance) 
Output Current 

Vcc = max 

Vo = 0.5 Volts (Note 4) 

ERjBi 

ESBI 






los 

Output Short Circuit Current 

Vcc = max + 0.5 Volts 

Vo = 0.5 Volts (Note 3) 



-30 








Tal = 0 to 70X 
(Note 7) 





Ice 

Power Supply Current (Note 5) 

Vcc = max 

Ta = 70X 






Tc = -55 to 125'’C 
(Note 7) 



745 




Tc=125’’C 





Notes: 1. Typical limits are at Vcc = 5.0V, ZSX ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Yo- 15 , Ti _4 are three-state outputs internally connected to TTL inputs. Input characteristics are measured under conditions such 
that the outputs are in the OFF state. 

5. Worst case Icc is at minimum temperature. 

6 . These input levels provide zero noise immunity and should be tested only in a static, noise-free environment. 

7. Cold start. 
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SWITCHING CHARACTERISTICS 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to+ 70®C, Vcc = 4.75 to 5.Z5V, Cl = 50pF) 


A. Combinational Delays (nsec) 



Outputs 

_ 

Yo-15 

Ti-4 

CT 


lo-4 (ADDR) 

79 

84 

- 


I0-15 (DATA) 

79 

84 

- 


10-15 (INSTR) 

79 

84 

48 

Input 

DLE 

58“ 

60 

- 


Ti-4 

- 

- 

39 


CP 

56 

62 

36 


lO 

o 

>• 

62“ 

64* 

- 


lEN 

- 

- 

43 

*Yo-i 5 must be stored in the 

Data Latch and is source disabled 


before the delay to Yq.is as an output can be measured. 
“Guaranteed indirectly by other tests. 


B. Enable/Disable Times (nsec) 

(C|. = 5pF for disable only) 


Enable 

Disable 

tpZH 

tpZL 

tpHZ 

tPLZ 

20 

20 

20 

20 

25 

25 

25 

25 


C. Clock and Pulse Requirem^ts (nsec) 


Low Time 

Mtrf l^gh Time 

20'';" 



; - 15 

' ^2' 

- 


D. Setujf> and Hold Tiinfs (nsec) 



Higb-to-t^vY^f 

Low-to-High 



Traiiution 

Transition 


input 

With Respect to Set-up Hold 

Set-up Hold 

Comment 


lo -4 (RAM ADDR) 

CP 

(^l) 24 

1 (thi) 0 

- 

- 

Single ADDR 
(Source) 

lo -4 (RAM ADDR) 

CP aod in 

both LOW 

(ts2) 10 

Do Not Change 

(thz) 0 

Two ADDR 
(Destination) 

lo-5 (DATA) 


_ 

- 

(ts8) 65 

(th8) 0 


lo-i5 (INSTR) 

CP 

(ts3) 38t 

(th3) t 17 

(ts9) 65 

(th9) 0 


iEN HIGH 

CP 

(ts4) 10 

- 

_ 

(thio) 0 

Disable 

lEN LOW 

CP 

(ts5) 20 

(th5)t 0 

(ts1l)22 - 

(thll)ttO - 

Enable Immediate 

bnabie 

5^ 

CP 

- 

- 

(ts12) 17 

(thi 2) 0 




fTiming for immediate instruction for first cycle, 
tt Status register and accumulator destination only. 

Notes on Testing 

Incoming test procedures on this device should be carefull 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failure due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an Input transition, ground current may change by 
as much as 400 mA in 5—8ns. Inductance in the ground 


cable may allow may allow the ground pin at the device to 
rise by 100s of millivolts momentarily. 

4. Use extreme care In defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L < OV and Vih > 3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6 . To assist in testing, AMD offers complete documentation on 
our test procedures and. In most cases, can provide 
Fairchild Sentry programs, under license. 
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SWITCHING CHARACTERISTICS (Cont.) 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 

(Tc = -55 to+125‘’C. Vcc = 4.5 to 5.5V, Cl = 50pF) 

B. Enable/Disable Times (nsec) 

A. Combinational Delays (nsec) (Cl = 5pF for disable only) 



Outputs 

Yo-15 


I 0-4 (ADDR) 

100 


I 0-15 (DATA) 

100 


I 0-15 (INSTR) 

100 

Input 

DLE 

68 


Ti -4 

- 


CP 

70 


Yo-15 

70 


lEN 

- 


*Yo-i 5 must be stored in the Data Latch and its source disabled 
before the delay to Yo -15 as an output can be measured. 

*‘Guaranteed indirectly by other tests. 


Enable 

Disable 

tpzH 

tpZL 

tpHZ 

tpLZ 

25 

25 

25 

25 

30 

30 

30 

30 




C. Clock and Pulse Requirements (nsec) 


Min Low Time 

25 


Min High Time 

50 

io 


D. Set>^iip and Hoid Times (nsec) 


High-to-Low 

Transition 


Low-to-High 

Transition 



fTiming for immediate instruction for first cycle, 
tt Status register and accumulator destination only. 
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Am29116A/29L116A 


Am29116A/29L116A 

A High-Performance 16-Bit Bipolar Microprocessor 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Second Generation of the Am29116 16-Bit 
Microprocessor 

Internal ECL circuitry and second generation of Ion 
implanted Oxide-Isolated (IMOX^^) process technol¬ 
ogy are combined to provide a faster version of the 
Am29116 and a lower power version of the 29116 
Plug-in Replacement for the Am29116 
The Am29116A and Am29L116A are pin-for-pin re¬ 
placements for the Am29116 


Improved Speed 

The 29116A has 25 ~ 30% speed improvement on 
the critical paths relative to Am29116 

Reduced Power 

The 29L116A operates at reduced power require¬ 
ments and compatible performace relative to the 
29L116 


GENERAL DESCRIPTION 


The Am29116A/L116A microprogrammable 16-bit bipolar 
microprocessors were fabricated using the second genera¬ 
tion of AMD's IMOX process technology. The architectures 
of the Am29116A/L116A are Identical to the Am29116's, 
optimized for high-performance peripheral controllers such 


as graphics controllers, disk controllers, communication 
controllers, front-end concentrators and modems. The 
Am29116A is also extremely suitable for high-speed, gen¬ 
eral-purpose 16-bit CPW'^plicatlons when combined with 
the Am29517A 16x16 multiplier. 



IMOX is trademark of Advanced Micro Devices, Inc. 


05761A 
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Am29117 

A High-Performance 16-Bit Bipolar Microprocessor 


ADVANCED INFORMATION 

DISTINCTIVE CHARACTERISTICS 


• Optimized for High-Performance Controiiers 

Architecture and instruction set optimized for high- 
performance, intelligent controllers 
e Fiow-Through Architecture 

Separate input and output ports avoid bus turn¬ 
around for higher throughput 
e 32 Working Registers 


• Fast 

Supports 100ns microcycle time/10MHz data rate 
for all instructions 

e 16-Bit Barrei Shifter 

Contains a 16-blt Barrel Shifter which can shift or 
rotate a word up to 15 positions in a single instruc¬ 
tion cycle 


Contains 32 working registers with latched outputs • 68-Pin Pin Grid Array Package 

GENERAL DESCRIPTION 


The Am29117 is a microprogrammable 16-bit bipolar micro¬ 
processor whose architecture and instruction set are identi¬ 
cal to the Am29116's except for the I/O bus structure. 
Since the device has separate input and output ports, 
designers can avoid quick bus turnaround requirements. 

The architecture and Instruction set are not only optimized 
for high-performance peripheral controllers, but also suit¬ 


able for microprogrammed processor applications when 
combined with the Am29517A 16x16 multiplier. 

The instruction set contains unique functions besides 
ordinary logic and arithmetic functions: bit manipulation 
instructions (set, reset and test), rotate merge/compare 
instructions, prioritizejnstruction and CRC instruction. 


BLOCK DIAGRA^A 

'Am2&1tT'— V' 









16, 


32-Wi)r0 
16-Bit RAIIf 


ie-Bit 16 -Bn 

ilac 0-Latch 


tr. 

ch S 


1 Zero 

_ , M- 

Bane! 

1 Detect 

Shifter 


V C, N, OVR ALU 



Mux 1 

1 -OC 



6-51 


Refer to Page 13-1 for Essential Information on Military Devices 


Am29117 




Am29118 


Am29118 

Eight-Bit Am29116 I/O Support 


DISTINCTIVE CHARACTERISTICS 


• Eight-bit bidirectional I/O port 

• Reads both registers on A-port 

• Separate clock, clock enable and three-state output 
enable to synchronize data between two bidirectional 
buses 


• 24mA output current sink capability 

• 24-pin slim package 

• Additional accumulator to support certain Am29116 
applications. 


GENERAL DESCRIPTION 


The Am29118 Is an eight-bit wide bidirectional parallel data 
input/output port designed to provide an additional accu¬ 
mulator when used with the Am29116 or with any micropro¬ 
cessor with single bidirectional data port. In addition, it can 


be used as a parallel data input/output port, like the 
Am2952. The Am29118 is a metal mask option of the 
Am2952A, and so requires no additional pins to support the 
Am29116 input/output structure. 


BLOCK DIAGRAM 



BD002182 


Figure 1 


RELATED PRODUCTS 


Part No. 

Description 

Am29116 

High Performance 16-Blt Bipolar 
Microprocessor 

Am2910A 

Microprogram Controller 

Am2914 

Vectored Priority Interrupt Controller 

Am2925 

System Clock Generator and Driver 

Am2940/2 

DMA Address Generator 

Am2950-3 

8-Bit Bidirectional I/O Ports 

Am29800 

Family 

High Performance Bus Interface 


05182B 
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CONNECTION DIAGRAM 
Top View 

D-24-1 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


15 10 11 



LS000930 


METALLIZATION AND PAD LAYOUT 


24 VCC 



GND12 


DIE SIZE 0.148' X 0.110' 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29118 D C B 

I—Screening Option 

Blank - Standard processing 
B - 96 hour Burn-in 

— Temperature (See Operating Range) 
C -Commercial (OX to +70°C) 

M - Military (-55X to +125X) 

— Package 

D-24-pin CERDIP 
X- Dice 


Device type 

8-Blt Am29116 I/O Support 


Valid Combinations 

Am29118 

DC. DCB, DMB 
XC. XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am29118 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


AO-7 


Eight bidirectional lines carrying the R Register inputs or outputs or S Register outputs. 


BO-7 


Eight bidirectional lines carrying the S Register inputs or R Resister outputs. 


CPR 


The clock for the R Register. When CER is LOW and OEAS is HIGH data is entered into the R Register on the LOW- 
to-HIGH transition of the CPR signal. 


CER 


The Clock Enable for the R Register. When CER is LOW and OEAS is HIGH data is entered into the R Register on the 
LOW-to-HIGH transition of the CPR signal. When CeR is HIGH, the R Register holds its contents, regardless of CPR 
signal transitions. 


Sebr 


The Output Enable for the R Register. When OEBR is LOW, the R Register three-state outputs are enabled onto the 
BO-7 lines. When QEBR is HIGH, the R Register outputs are in the high-impedance state. 


CPS 


The clock for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH transition of 
the CPS signal. 


Ses 


The clock enable for the S Register. When CES is LOW, data is entered into the S Register on the LOW-to-HIGH 
transition of the CPS signal. When CES Is HIGH, the S Register holds its contents, regardless of CPS signal 
transitions. 


Seas 


The output enable for the S Register. When OEAS is LOW, the R or S Register three-state outputs are enabled onto 
the AO-7 lines. When OEAS is HIGH, the S Register outputs are in the high-impedance state. 


DETAILED DESCRIPTION 

The Am29118 has two eight-bit wide registers (R-Register and 
S-Register) connected back to back for moving data in both 
directions between two buses. The R-Register serves the dual 
purpose of transmitting data from one bus (device's internal 
bus) to another (system bus), and serving as an additional 
accumulator for the Am29116. 

The accumulator function is Implemented by allowing the A- 
port to provide read and write data from the R-Register and 
read data from the S-Register; the B-port provides read data 
for the R-Register and write data for the S-Register (similar to 
the Am2952). This additional function In the Am29118 is 
implemented with a two-input multiplexer, as shown in Figure 
1. Each register has an in^idual clock (CPr and CPs), a 
Clock Enable, (CEr and CEs), and a three-state Output 


Enable (OEas and OEbr). The clock enable signal for the R- 
Register (UEr) and the Output Enable Signal for the S- 
Register (OEas) are encoded to make the R-Register an 
accumulator, in addition to all the Am2952 functions as shown 
in Table 1. Recause of this encoding, transferring data from 
the S-Register to the R-Register Is not permissible. 

TABLE 1. 


^AS 

CIr 

Function 

L 

L 

Read R, Disable CPr 

L 

H 

Read S, Disable CPr 

H 

L 

Enable CPr 

H 

H 

Disable CPr 
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APPLICATIONS 

In the Am29116 system, there is only one I/O port available 
for data communication with the ALU. In such a system, the 
Am29118 acts as an additional accumulator (temporary stor¬ 
age) to increase performance, and also provides capability of 
a bidirectional I/O port (like the Am2952). 

Figure 2 shows the connections necessary for the Am29118 
to be used as an accumulator as well as a bidirectional I/O 
port. The A-port is connected to the Y-bus (internal bus) of the 
Am29116, and B-port is connected to the system data bus. 
Four microcode are used for source and destination control for 
the Y-bus and the system data bus. Figure 3 shows the timing 
waveforms to modify an accumulator (R-Register) in two 
microcycles. During the first cycle, data is read from the R- 
Register, modified in the Am29116 and stored in one of the 
internal registers. A two-address architecture is required if the 
second operand to modify the R-Register is in one of the RAM 
registers, and the result has to be stored in another RAM 
register. For stable operation, data from the R-Register is 
latched in the D-Latch halfway through the clock during the 


first cycle. The Instruction is executed and the result stored 
Into a scratchpad register. In the second cycle, data is moved 
from the Internal result register to the R-RegIster of the 
Am29118. 

Figure 4 shows the timing waveforms to modify an accumula¬ 
tor (R-Register) in a single microcycle. In the first half of the 
cycle the source register Is enabled on the Y-bus Into the D- 
Latch of the Am29116. The D-Latch is transparent during the 
first half of the cycle. In the second half of the cycle, data is 
latched in the D-Latch and the bus source is disabled. During 
the second half of the cycle, the output buffer of the Am29116 
is enabled to bring the result on the Y-bus to be loaded into 
the destination. These two techniques provide different advan¬ 
tages and disadvantages to modify the external accumulator 
using the Am29116. The first technique (Figure 3) takes two 
microcycles but allows a shorter microcycle time. The second 
technique (Figure 4) takes only one microcycle but needs a 
longer microcycle time. 

There is also a requirement for the system bus to transfer data 
as input to the Am29116. The S-Register is used in this case 
to receive data from the system bus (like the Am2952). 


Y-BUS SYS BUS 



BD002490 


Figure 2. System Configuration. 
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Figure 3. Timing Waveforms for Modifying R-Register in Two Microcycies using the Am29116. 
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Figure 4. Timing Waveforms for Modifying R-Register using the Am29116. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature . -65®C to +150°C Commercial (C) Devices 

(Ambient) Temperature under Bias . -55°C to +125®C Temperature . O^C to +70‘’C 

Supply Voltage to Ground Potential Supply Voltage . + 4.75V to + 5.25V 

Continuous . -0.5V to +7.0V 

DC Voltage Applied to Outputs For Temperature . -55“C to + 125»G 

r.r ? ?? n . Tsw Supply Voltage . + 4.5V to + 5.5V 

nt- ^ ^ * ■ ♦ /-k ♦ ♦ ° ort A Operating ranges define those limits over which the function- 

DC Output Current, into Outputs . 30mA .0 

1 * ^ A X r- of the device is guaranteed. 

DC Input Current . -30mA to + 5.0mA ^ ^ 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Ao-7. Bo-7 

MIL, loH = -2mA 

2.4 

3.4 


Volts 

COM'L, loL =-6.5mA 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = ViH or ViL 

Ao-7. Bo-7 

MIL, loL=16mA 



0.5 

Volts 

COM’L, loL = 24mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 


2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 




-115 

Volts 

l|L 

Input LOW Current 

Vcc = max, ViN = 0.5V 

Ao-7, Bo-7 



-250 

ma 

Others 



-360 

IxA 

l|H 

Input HIGH Current 

Vcc = max, V|n=2.7V 

Ao-7,Bo-7 



70 

IxA 

Others 



20 

h 

Input HIGH Current 

Vcc = max, Vin=5.5V 




1.0 

mA 

lo 

Output Off-State 

Leakage Current 

Vcc = max 

Ao-7. Bo-7 

Vo = 2.4V 



70 

ma 

Vo = 0.4V 



-250 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 


-30 


-85 

mA 

Icc 

Power Supply Current 
(Notes 4, 5) 

Vcc = max 


Ta = 25“C 


156 

263 

mA 

COM’L 

Ta = 0 to + 70“C 



275 

Ta= -f-70°C 



228 

MIL 

Tc = -55 to -»-125“C 



309 

Tc= -t-125“C 



202 

Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the 
applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed 
one second. 

4. Icc is measured with all inputs at 4.5V and all outputs open. 

5. Worst case Icc is at minimum temperature. 
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SWITCHING CHARACTERISTICS 
PRELIMINARY 


The tables below define the Am29118 switching characteristics. Tables A are setup and hold times relative to a clock LOW-to-HIGH 
transition. Tables B are propagational delays. Tables C are pulse-width requirements. Tables D are enable/disable times. All 
measurements are made at 1 .5V with input levels at 0 or 3V. All values are in ns with Rl on Aj and Bj = 22012 and Rl on FS and 
FR = 300^2. Cl = 50pF except output disable times which are specified at Cl = 5pF. 

GUARANTEED CHARACTERISTICS OVER COMMERCIAL OPERATING RANGE 

(Ta = 0 to + 70X, Vcc = 4.75 to 5.25V, Cl = 50pF) 


A. Setup and Hold Times 


input 

With 

Respect to 

ts 

th 

Ao-7 

CPR J~ 

7 

5 

Bo-7 

CPS -i” 

7 

5 

SEs 

CPS J” 

7 

4 

CEr 

CPR 

7 

4 


C. Pulse-Width Requirements 


input 

Min LOW 
Puise Width 

Min HiGH 

Puise Width 

CPS 

20 

20 

CPR 

20 

20 


B. Propagation Delays 


input 

> 

o 

1 

>1 

Bo-7 

CPS _r 

24 

- 

CPR 

- 

24 


D. Enable/Dlsable Times 


From 

To 

Disabie 

Enable 

^AS 

Ao-7 

22 

27 

OEbr 

Bo-7 

22 

27 


GUARANTEED CHARACTERISTICS OVER MILITARY OPERATING RANGE 


(Tc = -55 to +125‘’C, Vcc = 4.5 to 5.5V, Cl = 50pF) 


A. Setup and Hold Times 


input 

With 

Respect to 

ts 

th 

Ao-7 

CPR J~ 



Bo-7 

CPS 



CEs 

CPS J 



CIr 

CPR ^ 




B. Propagation Delays 


Input 

Ao-7 

Bo-7 

CPS 



CPR _r 




C. Pulse-Width Requirements 



Min LOW 

Min HiGH 

Input 

Pulse Width 

Pulse Width 

CPS 



CPR 




D. Enable/Disable Times 


From 

To 

Disable 

Enable 

^AS 

Ao-7 



^BR 

Bo-7 




Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful: 

1. Insure the part is adequately decoupled at the test head. 
Large changes in Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance in the ground 
cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 


4. Use extreme care In defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L<0V and V|H>3.pV for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs under license. 
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Fuse Programmable Controller (FPC) 


ADVANCED INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Implements complex fuse programmable state ma¬ 
chines 

64 words of 32-bit-wide micrcyrogram memory 

3TM\ Mianr, 


Serial Shadow Register (SSR' 
(programmable option) 

20MHz clock rate, 28 pin DIP 


') diagnostics on chip 


29 high-level microinstructions 

- Conditional branching 

- Conditional looping 

- Conditional subroutine call 

- Multiway branch 

16 outputs, 7 conditional inputs 


GENERAL DESCRIPTION 


The Am29PL141 is a single-chip Fuse Programmable 
Controller (FPC) which allows implementation of complex 
state machines and controllers by programming the appro¬ 
priate sequence of microinstructions. A repertoire of jumps, 
loops, and subroutine calls, which can be conditionally 
executed based on the test Inputs, provides the designer 
with powerful control flow primitives. 

The Am29PL141 FPC also allows distribution of intelligent 
control throughout the system. It off-loads the central 
controller by distributing FPCs as the control for various 


self-contained functional units, such as register file/ALU, 
I/O, interrupt, diagnostic, and bus control units. 

A microprogram address sequencer is the heart of the FPC. 
It provides the microprogram address to an internal 64- 
word by 32-bit PROM. The fuse programming algorithm is 
almost identical to tha,t used for AMD’s Programmable 
Array Logic family, , " 

As an option) the Aftt29PLl4l may be programmed to have 
on chip sSr c^noi^cs, ,papabi Micrc^nstructions can 
s^lally ir}, ^i^duted, and the results shifted out 
facilitate system diagnostics. " ' / 


BLOCK DIAGRAM 


Block 


1 

m 


<4 


^ ^ 







Figure 1. 


SSR is a trademark of Advanced Micro Devices, Inc. 


04179B 


6-59 


Refer to Page 13-1 for Essential Information on Military Devices 


Am29PL141 




Am29PL141 


CONNECTION DIAGRAM 
Top View 
D-28-1 


SOO/ZERO 

P[ll(Z 

P[2)IZ 

PfaJC 

pf4]c: 

P[5][Z 

MOOE/P[6] 
0CLK/P[7] 

PWIZ 

p[»)ii: 

P[10]|Z 

P[11][Z 

gndc; 




11 


BpVcc 

3 CLK 
] CC/SDI 
5 n T[0] 

« □t[i] 

J □t(2] 

22 □t(3] 

« □ T[4] 

20 □ T{5] 

19 Preset 

]P[15] 

] P[14] 

] P[13] 

]P[12] 


CDR04480 

Note: Pin 1 is marked for orientation 

Figure 2. 

PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

26 

CC[SDI] 

1 

Condition code test input. When the TEST (P[24:22]) field of the executing microinstruction is set to 6 (binary 110), CC 
is selected to be the conditional input. (Note: In the SSR diagnostic configuration, CC is also the Serial Data Input 
SDI.) 

27 

CLK 

1 

Clock. The rising edge clocks the microprogram counter, count register, subroutine register, pipeline register, and EQ 

flag- 


P[15:8] 

0 

Upper eight, general-purpose microprogram control outputs. They are enabled by the OE signal from the 
microprogram pipeline register. When OE is High, P[15:8] are enabled, and when LOW, P[15:8] are three-stated. 


P[7:0] 

[DCLK, 

MODE] 

0 

Lower eight, general-purpose microprogram control outputs. They are permanently enabled. (Note: in the SSR 
diagnostic configuration, P[7] becomes the diagnostic clock input DCLK and P[6] becomes the diagnostic control 
input MODE.) 

19 

RESET 

1 

Synchronous reset input. When it is Low, the output of the PC MUX is forced to the uppermost microprogram address 
(63). On the next rising clock edge, this address (63) is loaded into the microprogram counter; the microinstruction at 
location 63 is loaded into the pipeline register and the EQ flag is cleared. 


T[5:0] 

1 

Test inputs. In conditional microinstructions, the inputs can be used as individual condition codes selected by the 
TEST field in the pipeline register. The T[5:0] inputs can also be used as a branch address when performing a 
microprogram branch, or as a count value. 

1 

ZE^ 

[SDO] 

0 

Zero output. A Low state indicates that the CREG value is zero. (Note: In the SSR diagnostic configuration, ZERO 
becomes the Serial Data Output SDO. This change is only on the output pin; internally, the zero detect function is 
unchanged. 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29PL141 D C B 

I— Screening Option 

Blank - Standard processing 
B - 96 Hour Burn-in 

— Temperature (See Operating Range) 
C - Commercial (O^C to + 70®C) 

M - Military (-55°C to +125X) 

— Package 

D-28-pin CERDIP 
X - Dice 

Device Type 

Fuse Programmable Controller 


Valid Combinations 

Am29PL141 

DC. DMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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DETAILED DESCRIPTION 

Figure 3, the block diagram of the Am29PL141 FPC, shows 
logic blocks and Interconnecting buses. These allow parallel 
performance of different operations in a single microinstruc¬ 
tion. The FPC consists of four main logic blocks: the micropro¬ 
gram memory, microaddress control logic, condition code 
selection logic, and microinstruction decode. A fifth optional 
block is the Serial Shadow Register (SSR). 

The microprogram memory contains the user-defined instruc¬ 
tion flow and output sequence. The microaddress control logic 
addresses the microprogram memory. This control logic 
supports high-level microinstruction functions Including condi¬ 
tional branches, subroutine calls and returns, loops, and 
multiway branches. The condition code selection logic selects 
the condition code input to be tested when a conditional 
microinstruction is executed. The polarity of the selected 
condition code input is controlled by the POL bit in the 
microword. The microinstruction decode generates the control 
signals necessary to perform the microinstruction specified by 


the microinstruction part (P[31 : 16]) of the microword. The 
SSR enables in-system testing that allows isolation of prob¬ 
lems down to the IC level. 

MICROPROGRAM MEMORY 

The FPC microprogram memory is a 64-word by 32-bit PROM 
with a 32-bit pipeline register at its output. The upper 16 bits 
(P[31 :16]) of the pipeline register stay internal to the FPC and 
form the microinstruction to control address sequencing. The 
format for microinstructions is: a one-bit synchronous Output 
Enable OE, a five-bit OPCODE, a one-bit test polarity select 
POL, a three-bit TEST condition select field, and a six-bit 
immediate DATA field. The DATA field is used to provide 
branch addresses, test input masks, and counter values. 

The lower 16 bits (P[15 : 0]) of the pipeline register are brought 
out as user-defined, general purpose control outputs. The 
upper eight control outputs (P[15 : 8]) are three-stated when 
OE is programmed as a LOW. The lower eight control bits (P[7 
: 0]) are always enabled. The microword and general microin¬ 
struction format are shown in Figure 4. 



ouTpyrs 

8DR02330 


Figure 3. Am29PL141 Block Diagram. 

‘Note: These pins available only in SSR mode. 

“Note: These pins available only in normal mode. 
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The general microinstruction format is shown below: 

Am29PL141 General Microinstruction Format 


31 30 26 25 


24 22 


21 16 



OPCODE 


POL 


TEST 


DATA 


WHERE: 

OE 

OPCODE 

POL 


TEST 


DATA 


DFR00730 


Synchronous Output Enable for P[15:8], 

A five-bit opcode field for selecting one of the twenty-eight single data field microinstructions. 
A one-bit test condition polarity select. 

0 = Test for true (HIGH) condition. 

1 = Test for false (LOW) condition. 

A three-bit test condition select. 


TEST[2:0] 

UNDER TEST 

000 

T[01 

001 

T[1] 

010 

T[2] 

oil 

T[3] 

100 

T[4] 

101 

T[5] 

110 

CC 

111 

EQ 


A six-bit conditional branch microaddress, test input mask, or counter value field designated as 
PI in microinstruction mnemonics. 


The special two data field comparison microinstruction format is shown below: 

Am29PL141 Comparison Microinstruction Format 


31 30 28 27 22 21 16 


“ 


“ 




- 

OE 


OPCODE 


CONSTANT 


DATA 

- 


- 


- 


_ 


DFR00740 

WHERE: 

OE = Synchronous Output Enable for P[15:8]. 

OPCODE = Compare microinstruction (binary 100). 

CONSTANT = A six-bit constant for equal to comparison with T*M. 

DATA = A six-bit mask field for masking the incoming T[5:0] inputs. 

Figure 4. 
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MICROADDRESS CONTROL LOGIC 

The microaddress control logic consists of five smaller logic 
blocks. These are: 

PC MUX - The microprogram counter multiplexer 

P CNTR -Microprogram counter (PC) and incrementer 
(PC + 1) 

SUBREG -Subroutine register (SREG) with subroutine 
mux (S MUX) 

CNTR -Count register (CREG) with counter mux 
(C MUX), decrementer (COUNTER-1) and zero 
detect 

GOTO - Specialized branch control logic 

The PC MUX is a six-bit, four-to-one multiplexer. It selects 
either the PC, PC+1, SREG, or GOTO output as the next 
microaddress input to the microprogram memory and to the 
PC. The PC thus always contains the address of the microin¬ 
struction in the pipeline register. During a Reset, the PC MUX 
output is forced to all ones, selecting location 63 of the 
microprogram memory. 

The P CNTR block consists of a six-bit register (PC) driving a 
six-bit combinatorial incrementer (PC+1). Either the present or 
the incremented values of PC can address the microprogram 
PROM. The incremented value of PC can be saved as a 
subroutine return address. The present PC value can address 
the microprogram PROM when waiting for a condition to 
become valid. PC+1 addresses the microprogram PROM for 
sequential microprogram flow, for unconditional microinstruc¬ 
tions, and as a default for conditional microinstructions. 

The SUBREG block consists of a six-bit, three-to-one multi¬ 
plexer (S MUX) driving a six-bit register (SREG). The three 
possible SREG inputs are PC+1, CREG, and SREG. SREG 
normally operates as a one-deep stack to save subroutine 
return addresses. PC+1 is the input source when performing 
subroutine calls and PC MUX is the output destination when 
performing return from subroutine. 

The CNTR block consists of a six-bit, four-to-one multiplexer 
(C MUX); driving a six-bit register (CREG); a six-bit, combinato¬ 
rial decrementer (COUNTER-1); and a zero detection circuit. 
The CNTR logic block is typically used for timing functions and 
iterative loop counting. 

The SUBREG and CNTR can be considered as one logic 
block because of their unique interaction. To explain this 
interaction, notice that both have an additional input source 
and output destination not used in typical operation—each 
other. This allows the CREG to be an additional stack location 
when not used for counting, and the SREG to be a nested 
count location when not used as a stack location. Thus, the 
SREG and CREG can operate in three different modes: 

1. As a separate one-deep stack and counter. 

2. As a two-deep stack. 

3. As a two-deep nested counter. 

The GOTO logic block serves three functions: 

1. It provides a six-bit count value from the DATA Field In the 
pipeline register (P[21 : 16]) or from the TEST inputs (T[5 : 
0]) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 

2. It provides a branch address from the DATA Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs 


(T[5 : 0]) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 

3. It compares the TEST inputs 
(T[5:0]) masked by the DATA Field (P[21 :16]), called T*M, 
to the CONSTANT Field from the pipeline register (P[27 : 
22]). If a match occurs, the EQ Flip-flop is set. EQ remains 
unchanged if there is no match. Constant field bits that 
correspond to marked test bits must be ZERO. 

The EQ flag can be tested by the condition code selection 
logic. Multiple tests of any group of T inputs in a manner 
analogous to Sum-of-Products can be performed since a no 
match comparison does not reset the EQ flag. Any conditional 
branch on EQ will reset the EQ flag. Conditional returns on EQ 
will not change the EQ flag. RESET input LOW will reset the 
EQ flag. 

NOTE: A zero in the DATA Field blocks the corresponding bit 
in the TEST Field; a one activates the corresponding 
bit. 

CONDITION CODE SELECTION LOGIC 

The condition code selection logic consists of an eight-to-one 
multiplexer. The eight test conditon inputs are the device 
inputs (CC and T[5 : 0]) and the EQ flag. The TEST field 
P[24 : 22] selects one of the eight conditions to test. 

The polarity bit POL in the microinstructions allows the user to 
test for either a true or false conditon. Refer to Table 2 for 
details. 

MICROINSTRUCTION DECODE 

The microinstruction decoder is a PLA that generates the 
control for 29 different microinstructions. The decoder's inputs 
include the OPCODE Field (P[30 : 26]), the zero detection 
output from the CNTR, and the selected test condition code 
from the conditional code selection logic. 

Am29PL141 SSR DIAGNOSTICS OPTION 

As a programmable option, the Am29PL141 FPC may be 
configured to contain Serial Shadow Register (SSR) diagnos¬ 
tics capability. SSR diagnostics is a simple, straightfonward 
method of in-system testing that allows isolation of problems 
down to the 1C level.. 

The SSR diagnostics configuration activates a 32-bit-wide, D- 
type register, called a "shadow" register, on the pipeline 
register inputs. The shadow register can be serially loaded 
from the SDI pin, parallel loaded from the pipeline register, or 
held. The pipeline register can be loaded from the micropro¬ 
gram memory in normal operation or from the shadow register 
during diagnostics. A redefinition of four device pins is required 
to control the different diagnostics functions. CC also func¬ 
tions as the Serial Data Input (SDI), ZERO becomes the Serial 
Data Output (SDO), P[7] becomes the diagnostic clock 
(DCLK), and P[6] becomes the diagnostic mode control 
(MODE). The various diagnostic and normal modes are shown 
in Table 1. 

Serially loading a test microinstruction into the shadow register 
and parallel loading the shadow register contents into the 
pipeline register forces execution of the test microinstruction. 
The result of the test microinstruction can then be clocked into 
the pipeline register, as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out for 
System diagnostics. 
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TABLE 1. 


Inputs 

Outputs 



MODE 

DCLK 

CLK 

SDO 

Shadow 

Register 

Pipeline 

Register 

Operation 

D 

L 

T 

h,l,t 

So 

Si -1 ^ Sj 
S 31 -D 

Hold 

Serial Right Shift Register 

X 

L 

H,L,i 

t 

So 

Hold 

Pj^-PROMj 

Normal Load Pipeline Register from 
PROM 

L 

H 

T 

H,L,l 

L 

S|-Pi 

Hold 

Load Shadow Register from Pipeline* 
Register 

X 

H 

H,L,l 

t 

SDI 

Hold 

P|-Si 

Load Pipeline Register from Shadow 
Register 

H 

H 

T 

H,L,i 

H 

Hold 

Hold 

Hold Shadow Register 


*S7, S 6 are undefined. S 15 - Ss load from the source driving pins P[15] - P[ 8 ]. If P[31] in the microword Is a ONE, S 15 
- Ss are loaded from the pipeline register. If P[31] In the microword is a ZERO, S 15 - Ss are loaded from an external 
source. 


FUNCTION TABLE DEFINITIONS 
INPUTS 

H = HIGH X = Don't Care 
L = LOW T = LOW-to-HIGH transition 
i = High-to-Low transition 


TABLE 2. 


Input 

Condition 

Being Tested 

POL 

Condition 

0 

0 

Fail 

0 

1 

Pass 

1 

0 

Pass 

1 

1 

Fail 
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PROGRAMMING AND VERIFICATION 

The Am29PL141 FPC is programmed and verified using a 
simple algorithm that is almost identical to that used for AMD’s 
Programmable Array Logic family. The internal programmable 
array of the Am29PL141 is organized as a 64 word by 32 bit 
(column) PROM. The fuse to be programmed is selected by its 
address (1 of 64), the byte at that address (1 of 4), and the bit 
in the byte (1 of 8). Control of programming and verifying is 
accomplished by applying a simple sequence of voltages on 
two control pins (CLK and CC). 

The fuse address is selected using a full decode of the T[5: 0] 
inputs, where T[5] is the MSB and T[0] the LSB. The one of 
four byte addressing is done on the P[7] (MSB) and P[6] (LSB) 
outputs. The bit selection is done one output at a time by 
applying the programming voltage (Vqp) to the output pin. The 
output pins that accept Vqp are P[15 : 8]. A graphical 
representation of the fuse array organization for programming, 
with fuse numbering compatible to the JEDEC standard 
programmable logic transfer format, is shown in Figure A. 

The complete program and verify cycle timing is shown in 
Figure B. A programming sequence is initiated by raising the 
CLK pin to Vhh- This places the device in the program mode 
and disables the output pins so that they may be used as fuse 
addressing inputs. The next step is to address the fuse to be 
blown as previously stated. Note that bit selection, with Vqp, 
should follow address and byte selection. Raising the CC pin 
to Vhh initiates programming and lowering Vqp terminates 
programming. Lowering the CLK pin to a TTL LOW level 
places the device in the fuse verification mode by enabling the 
programming outputs, P[15 ; 8]. Following a clock pulse the 
fuse may be verified on the same output as bit selection was 


performed. This scheme allows fuses to be verified in parallel 
as a byte if desired. The verification mode is terminated by 
lowering the CC pin back to a normal TTL level. 

SSR DIAGNOSTICS CONFIGURATION 
PROGRAMMING 

One additional fuse (#2048) is used to alter the configuration 
of the Am29PL141 to include on-chip SSR Diagnostics. This 
fuse is addressed by applying Vhh to the RESET and T[5], 
followed by Vqp on pin P[15j. To verify the diagnostic fuse, 
P[7] and P[6] must select byte #3, i.e., P[7] must be low and 
P[6] must be high. 

PROGRAMMING YIELD 

AMD programmable logic devices have been designed to 
insure extremely high programming yields (> 98%). To help 
insure that a part was correctly programmed, once the 
programming sequence is completed, the entire fuse array 
should be reverified at both low and high Vcc (VcCL and 
Vcch)- Reverification can be accomplished in a verification 
only mode (CC at Vhh) by reading the outputs in parallel. This 
verification cycle checks that the array fuses have been blown 
correctly and can be sensed under varying conditions by the 
outputs. 

AMD programmable logic devices contain many internal test 
features, including circuitry and extra fuses which allow AMD 
to test the ability of each part to perform programming before 
shipping, to assure high programming yields, and correct 
logical operation for a correctly programmed part. Program¬ 
ming yield losses are most likely due to poor programming 
socket contact, programming equipment that is out of calibra¬ 
tion, or improper usage of said equipment. 



JEDEC 
FUSE 31 


JEDEC 
FUSE 2047 


P[15:8] 

PROGRAMMING CONFIGURATION 


PFR00970 

JEDEC FUSE NUMBER = 32 (FUSE ADDRESS) 8(3 - BYTE) + (7 - BIT) 

Figure A. Programming Configuration. 
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BYTE SELECT 

BYTE 





L 



H 



L 



H 


BIT SELECT 

BIT 


G8S1 

BBBI 

EffBI 

BBH 

BIBI 

EBI 

P[8] 

0 


■n 

■■ 

■■ 

L 

|n| 


H 

1 


BH 

BB 

Bfl 


HB 


L 

2 


BH 

BB 

BB 


BB 


L 

3 



BB 

HB 


HB 


L 

4 


BB 

BB 

BH 


Bfl 


L 

5 


Bfl 

Bfl 

H|H 


HB 


L 

6 


BH 


Bfl 


HB 


L 

7 


■B 

BB 

Bli 

L 

HB 


L 


COLUMN DECODE 


0 

CO 

C8 

Cl 6 

C24 

1 

Cl 

C9 

C17 

C25 

2 

C2 

CIO 

Cl 8 

C26 

3 

C3 

C11 

C19 

C27 

4 

C4 

C12 

C20 

C28 

5 

C5 

Cl 3 

C21 

C29 

6 

C6 

Cl 4 

C22 

C30 

7 

C7 

Cl 5 

C23 

C31 
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FUSE ADDRESS DECODE 

FUSE 

ADDRESS 

T[5] 

T[4] 

T[3] 

T[2] 

T[1] 

T[0] 

0 

L 

L 

L 

L 

L 

L 

1 

L 

L 

L 

L 

L 

H 

2 

L 

L 

L 

L 

H 

1 

3 

L 

L 

L 

L 

H 

H 

4 

L 

L 

L 

H 

L 

L 

5 

L 

L 

L 

H 

L 

H 

6 

L 

L 

L 

H 

H 

L 

7 

L 

L 

L 

H 

H 

H 

8 

L 

L 

H 

L 

L 

L 

9 

L 

L 

H 

L 

L 

H 

10 

L 

L 

H 

L 

H 

L 

11 

L 

L 

H 

L 

H 

H 

12 

L 

L 

H 

H 

L 

L 

13 

L 

L 

H 

H 

L 

H 

14 

L 

L 

H 

H 

H 

L 

15 

L 

L 

H 

H 

H 

H 

16 

L 

H 

L 

L 

L 

L 

17 

L 

H 

L 

L 

L 

H 

18 

L 

H 

L 

L 

H 

L 

19 

L 

H 

L 

L 

H 

H 

20 

L 

H 

L 

H 

L 

L 

21 

L 

H 

L 

H 

L 

H 

22 

L 

H 

L 

H 

H 

L 

23 

L 

H 

L 

H 

H 

H 

24 

L 

H 

H 

L 

L 

L 

25 

L 

H 

H 

L 

L 

H 

26 

L 

H 

H 

L 

H 

L 

27 

L 

H 

H 

L 

H 

H 

28 

L 

H 

H 

H 

L' 

L 

29 

L 

H 

H 

H 

L 

H 

30 

L 

H 

H 

H 

H 

L 

31 

L 

H 

H 

H 

H 

H 

32 

H 

L 

L 

L 

L 

L 

33 

H 

L 

L 

L 

L 

H 

34 

H 

L 

L 

L 

H 

L 

35 

H 

L 

L 

L 

H 

H 

36 

H 

L 

L 

H 

L 

L 

37 

H 

L 

L 

H 

L 

H 

38 

H 

L 

L 

H 

H 

L 

39 

H 

L 

L 

H 

H 

H 

40 

H 

L 

H 

L 

L 

L 

41 

H 

L 

H 

L 

L 

H 

42 ^ 

H 

L 

H 

L 

H 

L 

43 

H 

L 

H 

L 

H 

H 

44 

H 

L 

H 

H 

L 

L 

45 

H 

L 

H 

H 

L 

H 

46 

H 

L 

H 

H 

H 

L 

47 

H 

L 

H 

H 

H 

H 

48 

H 

H 

L 

L 

L 

L 

49 

H 

H 

L 

L 

L 

H 

50 

H 

H 

L 

L 

H 

L 

51 

H 

H 

L 

L 

H 

H 

52 

H 

H 

L 

H 

L 

L 

53 

H 

H 

L 

H 

L 

H 

54 

H 

H 

L 

H 

H 

L 

55 

H 

H 

L 

H 

H 

H 

56 

H 

H 

H 

L 

L 

L 

57 

H 

H 

H 

L 

L 

H 

58 

H 

H 

H 

L 

H 

L 

59 

H 

H 

H 

L 

H 

H 

60 

H 

H i 

H 

H 

L 

L 

61 

H 

H 

H 

H 

L 

H 

62 

H 

H 

H 

H 

H 

L 

63 

H 

_H_ 1 

H 

H 

H 

H 
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PROGRAMMING PARAMETERS Ta= 25<>c 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Vhh 

Control Pin Extra High Level 

CC @ 10-40mA 

19.5 

20 

20.5 

Volts 

CLK@ 10-40mA 

19.5 

20 

20.5 

Vop 

Program Voltage, P [15:8] @ 15-200mA 

19.5 

20 

20.5 

Volts 

V|HP 

Input High Level During Programming and Verify 

2.4 

5 

5.5 

Volts 

V|LP 

Input Low Level During Programming and Verify 

0.0 

0.3 

0.5 

Volts 

Vccp 

Vcc During Programming @ Ice = 50-200mA 

5 

5.2 

5.5 

Volts 

VCCL 

Vec During First Pass Verification @ Ice = 50-200mA 

4.1 

4.3 

4.5 

Volts 

VCCH 

Vee During Second Pass Verification @ Ice “ 50-200mA 

5.4 

5.7 

6.0 

Volts 

Veiown 

Successful Blown Fuse Sense Level @ Output 


0.3 

0.5 

Volts 

dVop/dt 

Rate of Output Voltage Change 

20 


250 

V/jLisec 

dVpE/dt 

Rate of Fusing Enable Voltage Change (CC Rising Edge) 

100 


1000 

V/psec 


Fusing Time First Attempt 

40 

50 

100 

Msec 

Subsequent Attempts 

4 

5 

10 

msec 

tD 

Delays Between Various Level Changes 

100 

200 


ns 

tv 

Period During which Output is Sensed for Veiown Level 

500 



ns 

VONP 

Pull-Up Voltage on Outputs Not Being Programmed 

Vccp - 0-3 

Vccp 

Vccp 

mmiiiiiiiiiiii 

R 

Pull-Up Resistor on Outputs Not Being Programmed 

1.9 

2 

2.1 

Ka 


SSR DIAGNOSTICS CONFIGURATION PROGRAMMING WAVEFORMS 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150°C 

(Ambient) Temperature Under Bias.-55°C to +125°C 

Supply Voltage to Ground Potential 

(Pin 28 to Pin 14) Continuous.-0.5V to -I-7.0V 

DC Voltage Applied to Outputs 

(Except During Programming).-0.5V to +Vcc 

DC Voltage Applied to Outputs 

During Programming.21V 

DC Output Current, Into Outputs During 

Programming (Max Duration of 1 sec).200mA 

DC Input Voltage.-0.5V to +5.5V 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN.Vin = V|H or V|L 

P[15:0]. loH = - 
ZERO, loH = - 
SDO, Iqh = - 

COM'L 

2.4 


Volts 

P[15:0], loH = - 
ZERO, l0H=- 
SDO, Iqh = - 

MIL 

VoL 

Output LOW Voltage 

Vcc = MIN, Vin = Vih or V|l 

PUS.O], loL = 
ZERO, loL = 

SDO. loL = 

COM'L 


0.50 

Volts 

P[15.0], loL = 
ZERO, loL = 

SDO, loL = 

MIL 

VlH 

(Note 1) 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs 

2.0 


Volts 

V|L 

(Note 1) 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs 


0.8 

Volts 

l|L 

Input LOW Current 

Vcc = MAX, ViN = 0.40V 


-250 • 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 


25 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 


1.0 

mA 

isc 

Output Short Circuit Current 

Vcc = max, VouT = 0.5V (Note2) 



mA 

Icc 

Power Supply Current 

All Inputs = GND Vcc = MAX 



mA 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 


-1.2 

Volts 

IQZH 

Output Leakage Current 

Vcc = max, V|l = 0.8V 

ViH = 2.0V 

Vo = 2.7V 


100 

pA 

lOZL 

(Note 3) 

Vo = 0.4V 


-100 

C|N 

Input Capacitance 

ViN = 2.0V@f = 1MHz (Note 4) 



PP . 

Gout 

Output Capacitance 

VouT = 2.0V@f = 1MHz (Note 4) 




Notes; 1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

2. Not more than one output should be tested at a time. Duration of the short (Circuit should not be more than one second, 
VoUT = 0-5V has been chosen to avoid test problems caused by tester grouhd degradation. 

3. I/O pin leakage is the worst case of Iqzx or lix (where X = H or L). 

4. Those parameters are not 100% tested, but are periodically sampled. 


RELATED PRODUCTS 


Part No. 

Description 

Am2914 

Vectored Priority Interrupt Controller 

Am29100 

Controller Family Products 
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The Am29500 Family 

A High-Performance Architecture 
For Digital Signal/Array Processing 


As new system designs continue to press for maximum 
performance, high-speed array processing is becoming an 
increasingly attractive alternative. Parallel processing and 
pipelined architectures implemented in the fastest technol¬ 
ogies are requisites for maximum performance array and 
signal processing applications. 

The Am29500 Family is designed specifically for maximum 
performance and flexibility. Key product features include: 

• Microprogrammable for maximum versatility 

• Pipelined organization for efficient use of resources 

• IMOX^*^ process and ECL internal-structures for maxi¬ 
mum speed 

• TTL I/O for ease of interface 

The Am29500 family components are targeted for the 
efficient execution of Digital Signal Processing (DSP) and 
Array Processing algorithms, including Infinite Impulse 
Response (HR) and Finite Impulse Response (FIR) digital 
filters. Fast Fourier Transform (FFT) processors, graphics 
processors, etc. 

The Am29500 family components include: 

• Am29501 Multi-Port Pipelined Processor 

A specialized eight-bit wide parallel processor which 
executes multiple simultaneous data operations. Its 
Register/ALU structure provides the key functional 
element for a high-performance signal processing sys¬ 
tem. 


• Am29516/29517 High Speed 16 x 16-Bit Parallel 
Multipliers 

Both are 16 X 16-bit Parallel Multipliers. The Am29516 is 
pin and functionally compatible with the MPY-16HJ, but 
with an added multiplexer to output the LSP at the MSP 
port. The Am29517 is the same function, but with clock 
enables for microprogrammed applications. Low power 
and speed enhanced versions are also available. 

• Am29520/29521 Multilevel Pipeline Registers 
Both devices contain four 8-bit registers for dual two- 
stage or single four-stage data or address pipelining. 
Combined load-and-shift (Am29520) or separate load- 
and-shift (Am29521) control options are available. 

• Am29526/29527/29528/29529 High-Speed Sine/ 
Cosine Function Generators 

The sine and cosine functions are necessary for Fast 
Fourier Transforms (FFT). The Am29526/527 generate 
the most significant and least significant byte of the 16- 
bit sine function and the Am29528/529 generate the 
most significant and least significant byte of the 16-bit 
cosine function. The sine and cosine functions are 
generated to provide a range of 6 for a half cycle, 
0<d<iT, in increments of 7r/2048. 

• Am29540 FFT Address Sequencer 

This algorithm-specific VLSI chip generates data and 
coefficient addresses for the Fast Fourier Transform. It 
supports a wide variety of FFT algorithms in either radix- 
2 or radix-4. 


HIGH PERFORMANCE SIGNAL PROCESSOR 




MAIN SYSTEM BUS 





REGISTER 

RLE 

Ain28S16 0R 
Ain2S517 
PARALLEL 
MULTIPUER 

w 

Ain29601 
MULTI-PORT 
PtPEUNED PROCESSOR 

ARITHMETIC 

PROCESSOR 


Am2909/10/11 MICROPROGRAM SEQUENCER 


BD002640 


IMOX is a trademark of Advanced Micro Devices, Inc. 


06139A 
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The Am29500 Family 


• Am29509 arid Am29510 Multiplier-Accumulators 

These devices are 12 x12 and 16x16 multipliers with built- 
in accumulators. They are often used in constructing digital 
filters. The Am29509 Is pin- and function-compatible with 
the TDC1009 and the Am29510 Is pin- and function- 
compatible with the TDC1010. 

• Am29325 Floating Point Processor 

Support both IEEE and DEC 32-bit floating point formats, 
the Am29325 will perform a full parallel 32-bit floating point 
multiply In a single clock cycle. This device can replace 
more than a full circuit board of logic. 32-bit floating point is 
useful in filters for reducing errors and noise, and can be 
used to conveniently extend the number range in array 
processors. 


A high-performance signal processor may be constructed as 
shown in the diagram. The processor Is built entirely with 
Am29500 digital signal processing and Am2900 devices. Such 
a processor is attached as a slave to the main system bus to 
perform the multitude of arithmetic operations which prevail in 
DSP algorithms. 


Am29500 ARRAY PROCESSOR 


HOST COMPUTER 


ALGORITHM #1 
Am29540 

FFT ADDRESS 
SEQUENCER 

1 

1 

ALGORITHM #2 

1 

1 

ALGOR 

rTHM #3 



INTERFACE 

2a27/28/40/42/50/SVSay53 


DATA RAM 
Am93422 
OR 

Am9147 


SINE/COStNE 

FUNCTION 

GENERATORS 

Am29S26/27 

Am29528/29 




IMAGINARY DATA 






mm 



REAL 



IMAGINARY 

PROCESSOR 



PROCESSOR 

Am29501 

I 

1 

■ 

■ 

Am29501 

1 


■ 






MICROCODE MEMORY 
Am27S35 


MICROPROGRAM CONTROL 
Ain2910A/2Sl12/2914/2925 


BD002651 
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Am29501 

Multi-Port Pipelined Processor (Byte-Slice^*^) 


DISTINCTIVE CHARACTERISTICS 


• Expandable Byte-Slice^^ Register-ALU 

- Sign extend input and output 

- Carry and P/S expansion with force/Inhibit/normal 
carry modes 

• Eight instruction ALU 

- Four arithmetic operations 

- Four logic operations 

• Ten internal data paths 

- Highly parallel architectures 


- Multiple simultaneous data manipulations 

• Pipelining register file has six 8-bit registers 

- Multilevel pipelining 

- Multiple register-to-register moves 

• Completely microprogrammable 

- No Instruction encoding 

- All operation combinations available 

• Three I/O ports for maximum system interconnect 
flexibility 


GENERAL DESCRIPTION 


The Am29501 is an expandable Byte-Slice^^ register-ALU 
designed to bring maximum speed to array processor and 
digital signal processor systems. It provides a flexible 
processor building block for implementing highly pipelined, 
highly parallel architectures where speed is achieved by a 
combination of optimized integrated circuit technology 
(IMOX^*^ process and internal ECL circuitry) and custom¬ 
ized system architecture. I/O port flexibility and multiple 
concurrent data moves make it possible to construct 
processors capable of very high throughput. Parallel pro¬ 
cessors are especially efficient for array/vector operations 
or signal processing algorithms requiring complex number 
arithmetic (e.g. FFT, convolution, correlation, etc.). 


The Am29501's Pipeline Register File provides data stor¬ 
age and pipelining flexibility. Any combination of register 
instructions, ALU instructions, and I/O Instructions can be 
microprogrammed to occur in the same cycle. This allows 
overlap of external multiplication, ALU operations, and 
memory I/O. 

Three I/O ports support a wide variety of parallel, pipelined 
architectures by providing separate I/O ports for the 
multiplier and the memory data bus. Either of two bidirec¬ 
tional I/O ports, DIO and MIO, can Interface to the data bus 
or multiplier Y-Input port, and a separate Ml port connects 
to the multiplier output port. 


BLOCK DIAGRAM 


Ot MSP O MSP 



BDR02300 


Byte-Slice is a trademark of Advanced Micro Devices, Inc. 03564A 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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RELATED PRODUCTS 


Part No. 

Description 

Am2902A 

Carry look-ahead generator 

‘ Am29516/17 

16 X 16-bit high speed 
multipliers 

Am25S558 

8 X 8-bit multiplier 


CONNECTION DIAGRAM 
Top View 


D-64-3 Leadless Chip Carrier 



CDR04420 CDR04432 
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METALLIZATION AND PAD LAYOUT 



Die Size: .289" x .222" 


ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29501 P C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in (Note 1) 

— Temperature (see Operating Range) 
C -Commercial (0 to +70X) 

M - Military (-55 to +125X) 

— Package 

D-64-pin CERDIP (D-64-3) 

L-68-TERMINAL Leadless Chip Carrier 


Device type 

Multi-port Pipelined Processor 


Note 1: 160 Hour Burn-in 

Heatsink Parts, Ta = 125®C 
Non-Heatsink Parts, Ta-85®C 


Valid Combinations 

Am29501 

DC, DCB, 

DMB, LC, LMB 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 





Description 

50 

C|N 

1 

Carry-in input to the internal 8 -bit ALU. 

51 

Gout 

0 

Carry-out output from the internal 8 -bit ALU. 

48 

CP 

1 

Clock input for the internal pipeline register file. Data selected by I 7 -I 18 . meeting the set-up and hold time 
requirements of the respective register, is clocked into the register on the clock LOW-to-HIGH transition. 

9. 11, 13, 

15, 18, 20 , 
22, 24 

DIO 0 -DIO 7 

I/O 

Bidirectional data I/O port (see Note). 

53, 52 

S. P 

0 

The carry generate and propagate outputs of the Internal ALU. These signals are used with the Am2902A for carry- 
lookahead. 

26-44, 

54-57, 

59-64 

I 0 -I 28 

1 

Instruction inputs designed to be driven under microprogram control. All instruction inputs control multiplexers or 
drivers or the ALU directly. There is no instruction encoding. See Control Input Function Tables for operating 
modes. 

1-8 


1 

Data Input port 
(Multiplier Input - see Note). 

10, 12, 14, 
17, 19, 21, 
23, 25 

MIO 0 -MIO 7 

I/O 

Bidirectional data I/O port 
(Multiplier I/O - see Note). 

47 

OVR 

0 

Overflow 

This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most significant 
end of the word, this pin indicates that the result of an arithmetic two's complement operation has overflowed into 
the sign-bit. 

45 

seout 

0 

The most significant bit of the S-operand. This is used In multiple precision arithmetic operations for sign extension 
of two's complement numbers. 

58 

SEin 

1 

A single-bit input which generates an 8 -bit sign extension R-operand for multiple precision two's complement 
arithmetic operations. 

46 

ZERO 

0 

This is an open collector output which goes HIGH if the data on the ALU outputs are all LOW. 


Note; This is a general purpose data port. The names are derived from the typical usage in a typical Am29500 system but are not restricted 
to this interconnection scheme. 


*DIP Configuration 


CONTROL INPUT FUNCTION TABLES 


2. Multiplier I/O Port (MIO) Output Select 

mm 


mm 

■■ 

Source 

L 

L 

L 

L 

Ai 

L 

L 

H 

L 

A 2 

L 

H 

L 

L 

A 3 

L 

H 

H 

L 

Bi 

H 

L 

L 

L 

02 

H 

L 

H 

L 

B 3 

H 

H 

L 

L 

ALU 


H 

H 

L 

Dl 

mm 


X 

H 

Output Disabled 


1. Data I/O Port (DIO) Output Select 


la 

la 

Source 

n 

L 

II 

A 2 

■9 

H 

n 

A 3 

H 

L 

n 

B 2 

n 

H 

B 

B 3 

B 

X 

H 

Output Disabled 


4. Register A 2 Data Source Select 

ho 

I 9 

Source 

■■ 

■BB 


■■ 



■9 

BQb 


Bi 




3. Register Ai Data Source Select 

>8 

I 7 

Source 

■■ 

L 

MSP (Ml) 


H 

Dl (DIO) 

H 


B 3 

H 


Ai (Hold) 
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CONTROL INPUT FUNCTION TABLES (Cont.) 


5. Register A 3 Data Source Select 

Il2j 

hi 

Source 

mm 













6 . Register Bf Data Source Select 

>14 

h3 

Source 

L 

L 

MSP (Ml) 

L 

H 

Dl (DIO) 

H 

L 

A 3 

H 

H 

Bi (Hold) 


7. Register 63 Data Source Select 

I 16 

>15 

Source 

L 

L 

LSP (MIO) 

L 

H 

ALU 

H 

L 

Bi 

H 

H 

02 (Hold) 


8 . Register B 3 Data Source Select 

I18 

I17 

Source 

L 

L 

MSP (Ml) 

L 

H 

ALU 

H 

L 

02 

H 

H 

03 (Hold) 


9. ALU Operating Instructions 


I22 

I21 

>20 

Il 9 

OP 

Gout 

P 

G 


L 

L 



R + S + C(N 





L 

H 



R - S - C|fs| 





H 

L 

L 

L 

R + C|N 

Carry 

P 

S 

Normal Operating Mode** 

H 

H 



-R + S - C|N 





L 

L 



R + S + C|(si 




Inhibit Carry Mode 

L 

H 



R - S - C(N 





H 

L 

L 

H 

R + C|n 

L 

H 

H 


H 

H 



-R + S - C||M 





L 

L 



R + S + C|N 




Force Carry Mode 

L 

H 



R-S-C|n 





H 

L 

H 

L 

R + C|N 

H 

P 

L 


H 

H 



-R + S-C|N 





L 

L 



R XOR S 




Logic Operations 

L 

H 



R AND S 





H 

L 

H 

H 

R 

(L)* 

(H)* 

(H)* 


H 

H 



R OR S 






*CoUT. P and G are not applicable to logic operation, Am29501 functions as shown. 

**Carry is used for 16-bit expansion. P and G are used with an Am2902A for expansion to more than 16 bits. 


10. ALU R Operand Selection 

<25 

>24 

•23 

Source 

L 

L 

L 

Ai 

L 

L 

H 

A2 

L 

H 

L 

A 3 

L 

H 

H 

Bi 

H 

L 

L 

B 2 

H 

L 

H 

B 3 

H 

l-l 

L 

Sign Extend Input 



Bussed to All Bits 

H 

H 

H 

Arithmetic Zero 
(All Inputs LOW) 


11. ALU S Operand Selection 

I 28 

•27 

>26 

Source 

L 

L 

L 

Ai 

L 

L 

H 

A2 

L 

H 

L 

A 3 

L 

H 

H 

Bi 

H 

L 

L 

B 2 

H 

L 

H 

B 3 

H 

H 

L 

MSP (Ml) 

H 

H 

H 

LSP (MIO) 
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DETAILED DESCRIPTION 

Figure 1 contains a block diagram of the Am29501. It shows four major sections - an eight-bit cascadable ALU, a register file 
consisting of six eight-bit registers, three I/O ports, and a microcode control section. 


DETAILED Am29501 BLOCK DIAGRAM 


/ DATA \ 
UlPin/OUTPUT/ 



DFR00710 


Figure 1. 


ALU 

The ALU performs arithmetic on an eight-bit Byte-Slice^^ with 
full internal carry lookahead and carry input and output for 
cascading. The carry can ripple between byte-slices by 
connecting the Cqut of one slice to CiNjof the next byte-slice. 
Carry generat^e (S) and propagate (P) outputs are also 
provided for faster operation when the ALU is used in 
conjunction with a carry lookahead generator such as the 
Am2902A. 

There are three arithmetic modes - cascade, carry inhibit and 
forced carry. The cascade mode produces an output carry 
based on the results of the operation and is the normal mode. 
The carry inhibit mode produces no carry output and is used to 
decouple cascaded ALUs. A 16-bit ALU consisting of two 
Am29501s can operate as two 8-bit ALUs simultaneously by 
programming the carry inhibit mode. This mode could also be 
used with a second 16-blt ALU for double precision where the 
more significant slice is programmed in the carry inhibit mode 
for single precision and in the cascade mode for double 
precision. The less significant slices would be programmed In 
normal mode for either case. The forced carry mode is the 


converse and always produces a carry. All three modes treat 
the input carry in the same way. The Am29501 uses the input 
carry as a true borrow during subtr action a s opposed to most 
two's complement ALUs which use borrow. The usual require¬ 
ment is that input borrow be programmed HIGH (Inactive) 
when doing a subtraction. Since the Am29501 has a true 
borrow, the input carry is programmed to be LOW for both 
addition and subtraction. This Is consistent with the carry 
inhibit mode discussed previously. 

In addition to arithmetic operations the ALU also does bitwise 
logic operations - OR, AND, exclusive OR, and invert. Carries 
are not applicable for these operations and are inactive. 
Codes to program the ALU function are contained In Control 
Input Function Table 9. 

Each operand of the ALU has eight possible sources. Operand 
R can be any register in the register file or one of the I/O ports 
Ml or MIO as shown in Table 10. Operand S can be any 
register, zero or a sign extension input (SE|n) from another 
ALU (Table 11). The ALU result can be steered to registers 
A2, A3, B2, and B3 of the register file or the MIO I/O port. 


Byte-Slice is a trademark of Advanced Micro Devices, Inc. 
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REGISTER FILE 

The register file provides for fully independent use of the 
registers. Each register has a four-input mux which can be 
programmed so that the register holds its previous contents or 
is loaded from the ALU and I/O port or the "preceding" 
register. If all registers are programmed for the preceding 
register, a ring is formed and data circulates through all the 
registers. This facilitates constructing a pipelined data flow. 
Various combinations of I/O ports and the ALU make up the 
remaining inputs to each register. The sources for each 
register are shown in the Control Input Function Tables 3-8. 

I/O PORTS 

The Am29501 has two bidirectional ports (DIO and MIO) and 
one input port (Ml). As an input the DIO port can be loaded 
into registers A1 and B1 and directed to the MIO output port. 
Output from the DIO comes from registers A2, A3, B2 or B3 
using the codes from Control Input Function Table 1. This 
separation of input and output registers connected to the DIO 
port is In keeping with the pipelined organization of the part 
when the DIO port is used for data flow in and out of the 
processor. 

Input through the MIO port can be directed to registers A2 and 
B2 in the register file and to the ALU. Output can come from 
any of the six registers, the DIO input port or from the ALU. 


This structure allows the user to direct operands to an auxiliary 
processor (such as a multiplier or barrel shifter) from any point 
in the pipeline. The MIO port could be connected to a 
processor with bidirectional data bus. The auxiliary processor 
would receive data and return its results to registers A2 and 
B2 through the MIO port. 

The Ml port provides another entry point for inserting data in 
the processing pipeline. An auxiliary processor with flow¬ 
through architecture could receive data from the MIO port and 
return data through the Ml port which can be directed to 
registers A1, A3, B1 and B3 and to the ALU. 

A potential use of the ports is connecting the bidirectional bus 
of an Am29116 microprocessor to the MIO port. An Am29516 
would have its Inputs connected to the same MIO port and its 
output to the Ml port. This architecture could calculate 
magnitudes by computing the sum of the squares with the 
Am29516 and Am29501 and the square root with the 
Am29116. 

CONTROL 

The Am29501 is controlled by 29 microcode bits which select 
operations with no encoding. This provides the maximum 
flexibility for the independent control of parallel operations. 
Sources may be directed to multiple destinations simulta¬ 
neously wherever data paths are provided. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature..-65 to +160®C 

Temperature Under Bias-Tc ......-55 to +125®C 

Supply Voltage to Ground Potential 

Continuous ..-0.5 to +7.0V 

DC Voltage Applied to Outputs For 

High Output State. .-0.5V to +Vcc nfiax 

DC Input Voltage.. .-0.5 to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current....-30 to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless othen/vise specified 


OPERATING RANGES 

Commercial (C) Devices 
Temperature 

DIPS.Ta = 0‘’C to +70X 

Chip Carriers..Tc = 0®C to 85®C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.....-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note i) 


Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

ViN = V|H or V|L 

IOH =-2.6mA (COM'L) 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min 

ViN * V||H or V|L 

COM'L 

lOL = 24mA DIO, MIO . 



0.5 

Volts 

Iql = 8mA Others 




0.5 

MIL 

lOL = 16mA DIO, MIO 





lOL = 8mA Others 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH vd|^. for all inputs 

mam 



BOB 

V|L 

Input LOW Level 

Guaranteed input logicfL^O\^^wlt||i& fpr lit. ini:^ 




K23B 

V| 

Input Clamp Voltage 

Vcc = min, IlNTrtBmA 




mm 

BOB 

l|L 

Input LOW Current 

Vcc = max,,Vin&^'S^4L 4 

> 



■ESI 

IIQQIIIIIIII 

l|H 

Input HIGH Current 

Vc^ = MAX, ^ 






l| 

Input HIGH Current 

i.vcc=MAx, 




mm 

BDilfll 

•OZH 

Off State (High Impedance) 
Output Current 


Vo = 0.5V 




mA 

lOZL 

Vo = 2.4V 



100 

isc 

Output Short Circuit Current 
(to 3)^ . 

Vcc = max 





n 

•cc 

Power Supply Current 

COM'L and MIL 

Ta » 25°C 


|||[^^ 


Q 

COM'L Only 

Vcc = max 

fA = 0 to +70“C (Note 4) 




Ta = + 70‘’C (Note 4) 



BBBI 

MIL Only 

Vcc = max 

Tc*-55 to +125“C 




Tc* + 125°C 





Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Chip Carriers: Tc * BS^C. 


type. 
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PULSE WIDTH 


ENABLE AND DISABLE TIMES 


LOWHIGHLOW 

PULSE 


HIGHLOWHIGH 

PULSE 





OUTPUT 

NORMALLY 

HIGH $2 OPEN 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. Si, S 2 and S 3 of Load Circuit are closed except 
where shown. 

NOTE: 1. Pulse generator for all pulses: Rate < 1.0MHz; Zq = 5012; tr< 2.5ns; tf< 2.5ns. 


SWITCHING CHARACTERISTICS AT ROOM TEMPERATURE 


Typical Set-up/Hold Times and Propagation Delays 
Vcc = 5.0V, Ta = + 25”C, Cl = 50pF 
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SWITCHING CHARACTERISTICS, COMMERCIAL 

Minimum Set-up/Hotd Times and Maximum Propagation Delays 


To Output 

Propagation Delay Times, tpp 



Minimum Se^up/Hpid Times and Maximum Propagation Delays 
I ' To Output 




Note: Please refer to Guidelines for Testing Am2900 Family Devices in section 13 of this data book. 


Am29501 Minimum Clock Pulse Widths 
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SWITCHING TEST CIRCUIT 

A. THREE-STATE OUTPUTS B. NORMAL OUTPUTS C. OPEN-COLLECTOR 

OUTPUTS 


Vcc 




Vcc 



TC001420 


TCR01330 

Notes; 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test 
fixture. 

2. S-j, S 2 , S 3 are closed during function tests and all AC tests except output enable 
tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

Si and S 2 are closed while S 3 is open for tpzL test. 

4. Cl = 5.0pF for output disable tests. 


SET-UP, HOLD, AND RELEASE TIMES 


PROPAGATION DELAY 




Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2 . Cross hatched area is don't care condition. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 




OTHER INPUTS | 
R = 16Kn I 


C| = 5.0pF, all inputs 
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Am29509/L509 

12x12 Multiplier Accumulator 


ADVANCED INFORMATION 


• Uses two's complement or unsigned inputs and outputs 

• Round control 

• 27-bit product accumulation result 

- 24-bit product 

- 3-bit extended product 


• Output register preload 

• Three-state output control 

• IMOX^^ processing 

- ECL internal circuitry for speed 

- TTL I/O 


GENERAL DESCRIPTION 


The Am29509 is a high-speed 12 x 12-bit multiplier/accu¬ 
mulator (MAC). The X and Y input registers accept 12-bit 
inputs in two's complement or unsigned magnitude format. 
A third register stores the Two's Complement (TC), R ound 
(RND), Accumulate (ACC), and Subtraction SUB/ADD 
control bits. This register is clocked whenever the X or Y 
input registers are clocked. 

The 27-bit accumulator/output register contains the full 24- 
bit multiplier output which is sign extended or zero-filled 


based on the TC control bit. The accumulator can also be 
preloaded from an external source through the bidirectional 
P-port. The operation of the accumulator is controlled by 
the signals ACC, SUB/ADD, and PREL (Preload). Each of 
the input registers and output register has independent 
clocks. 

The Am29L509 Is a low-power version of the Am29509. 
The Am29L509 is expected to dissipate 50% less power 
than the high-speed Am29509. 


60S1/60S63UJV 










































ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29509/L509 


P C B 

I-Screening Option 

Blank - Standard processing 
B - Burn-in 

-Temperature (See Operating Range) 

C - Commercial (0°C to + 70°C) 

M - Military (-55“C to +125‘’C) 


- Package 

D = 64-Pin Top-Brazed with Heat Sink 
64-Pin Top-Brazed without Heat Sink* 
L = Leadless Chip Carrier 
P = Molded DIP* 


Device Type 
12x12 Multiplier 
Accumulator 


Valid Combinations 

Am29509 

DC. DCB, 

Dk/fB, LC, LMB 

PC*. PCB* 

Am29L509 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


*For low-power version. 

Note 1. 160-hour burn-in - 

Heat sink parts: Ta = 125'’C 
Non-heat sink parts: Ta = SS^C 
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) 


PIN DESCRIPTION 


*Pln No. 

Name 

I/O 

Description 

8 


1 

Round 

When RND is High, a bit with a weight of Pi 1 is added to the multiplier product. RNO is loaded on the rising edge of 
CLKx or CLKy. 

42 

TO 

■ 

Two's Complement 

When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low. The TC 
control is loaded on the rising edge of CLKx or CLKy. 

24 

PREL 

1 

Preload 

When High, data is preloaded into the specific output register when its respective Load Enable is High. When Low, 
the accumulator register is available at the P-port when the Output Enables are Low. 

41 

lex/OEx 

■ 

Load Enable Extended/Output Enable Extended 

Active High Load Enable for the XTP port during preloading. Active Low three-state control for the XTP port during 
normal operation (see Preload Function). (TSX)** 

25 

LEm/^M 

' 

Load Enable Most/Output Enable Most 

Active High Load Enable for the MSP port during preloading. Active Low three-state control for the MSP port 
during normal operation (see Preload Function). (TSM)** 

9 

lel/QEl 

1 

Load Enable Least/Output Enable Least 

Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)** 

57, 56 

CLKx, CLKy 

1 

CLOCKS _ 

Load X and Y data respectively and TC, RND, ACC and SUB/ADD on the rising edge. 

23 

CLKp 

1 

CLOCK 

Loads data into the XTP, MSP and LSP registers on the rising edge. 

1-5. 

58-64 

Xn-Xo 

1 

Multiplier Data Input 

Data is loaded into the X register on the rising edge of CLKx. 

43-48, 

50-55 

Yii-Yo 

1 

Multiplier Data input 

Data is loaded into the Y register on the rising edge of CLKy. 

38-40 

P 26 -P 24 

I/O 

Bidirectional Port 

Product output for Extended Product (XTP) and input to preload XTP register. 

26-37 

P 23 -P 12 

I/O 

Bidirectional Port 

Product output for the Most Significant Product (MSP) and input to preload MSP register. 

10-15, 

17-22 

P 1 I-P 0 

I/O 

Bidirectional Port 

Product output for the Least Significant Product (LSP) and input to preload the LSP register. 

6 

. 

ACC 

1 

Accumulate 

When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loaded on the rising edge of CLKx or 
CLKy. 

7 

SUB/ADD 

1 

Subtraction/Addition 

When High, the accumulator contents are subtracted from the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product is added into the accumulator (see Accumulator Function 
Table). The SUB/ADD control is loaded on the rising edge of CLKx or CLKy, 


*DIP Configuration 

**TRW TDC1009 PIN DESIGNATION 


PRELOAD FUNCTION ACCUMULATOR FUNCTION TABLE 


Z = output buffers at High impedance (disabled). 

Q = output buffers at Low impedance. Contents of 
output register available through output ports. 

PL-output disabled. Preload data supplied to the 
output pins will be loaded Into the output 
register at the rising edge of CLKp. 


PREL 

C5fx 

L|w/ 


Output Register 

XTP 

MSP 

LSP 

0 

0 

0 

0 

Q 

Q 

Q 

0 ‘ 

0 

0 

1 

Q 

Q 

Z 

0 

0 

1 

0 

Q 

Z 

Q 

0 

0 

1 

1 

Q 

Z 

Z 

0 

1 

0 

0 

Z 

Q 

Q 

0 

1 

0 

1 

Z 

Q 

Z 

0 

1 

1 

0 

z 

Z 

Q 

0 

1 

1 

1 

z 

Z 

Z 

1 

0 

0 

0 

z 

z 

Z 

1 

0 

0 

1 

z 

z 

PL 

1 

0 

1 

0 

z 

PL 

Z 

1 

0 

1 

1 

z 

PL 

PL 

1 

1 

0 

0 

PL 

Z 

Z 

1 

1 

0 

1 

PL 

z 

PL 

1 

1 ’ 

1 

0 

PL 

PL 

Z 

1 

1 

1 

1 

PL 

PL 

PL 


PREL 

ACC 

SUB/ 

ADD 

P 

OPERATION 

L 

L 

X 

Q 

Load 

L 

H 

L 

Q 

Add 

L 

H 

H 

Q 

Subtract 

H 

X 

X 

PL 

Preload 
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DETAILED DESCRIPTION 

The Am29509 is a high-speed 12x12-bit multiplier/accumula¬ 
tor (MAC). It comprises a 12-bit parallel multiplier followed by a 
27-bit accumulator. Two 12-bit input registers are provided for 
the X and Y operands. A third register stores two control bits, 
TC and RND. TC selects either a two's complement or an 
unsigned magnitude format for both data inputs. The RND 
control, when High, causes a bit to be added to the multiplier 
product with the weight of Pn. This causes the most 
significant 12-bits of the product to be rounded to the value 
nearest to the full 24-bit product. Using the RND control once 
during an accumulation causes the most significant 15-bits of 
the accumulator to be rounded to the value nearest the full 27- 
bit accumulation. The TC/RND register is clocked whenever 
the X or Y input registers are clocked. 

The 24-bit multiplier output is zero-filled or sign-extended as 
appropriate to provide a 27-bit input to the accumulator. The 
accumulator has four functions: the product may be loaded 
into the accumulator, the product may be added into the 

accumulator value, the previous accumulator value may be 
subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
external source. The operation of the accumulator is con¬ 
trolled by the signals ACC, SUB/ADD and PREL. ACC and 
SUB/ADD are stored in a register clocked whenever the X or 

Y registers are clocked. ACC In conjunction with SUB/ADD 
selects one of the first three accumulator functions (see 
Accumulator Function Table). For output and preloading 
purposes the accumulator is considered in three sections: 
Extended Product (XTP, P26-P24) controlled by LEx/OEx, 
Most Significant Product (MSP, P23-P12) controlled by LEm/ 
DEm and Least Significant Product (LSP, Pn-Po) controlled 
by LEl/^L- When PREL is Low these controls are active- 
Low Output Enables for the three-state output buffers. When 
PREL is High the output buffers automatically become high 
Impedance, and the controls operate as active High Load 
Enables to the three sections of the accumulator to permit 
preloading of data applied to the bidirectional P port. The P- 
port has 27-bits. 



Am29509/L509 

INPUT FORMATS 

Fractional Two's Complement Input 

X|N 



Yin 

I 11 10 9 8 7 6 5 

4 

3 2 1 0 I 

|11 10 9 8 7 6 6 4 3 2 1 o| 

-2^ 2"1 2'^ 2’^ 2*^ 2"® 2*® 
(Sign) 

2-7 

2*8 2*9 2*19 2"^^ 

—2^ 2*1 2"^ 2*^ 2"4 2"^ 2"® 2*7 2"® 2"^ 2*19 2*11 

(Sign) 



Integer Two's 

Complement Input 

X|N 



Y,n 

I 11 10 9 8 7 6 5 

4 

3 2 1 0 1 

|l1 10 98765432 1 0| 

—2^^ 2^^ 2^ 2® 2J 2® 2^ 

(Sign) 

24 

2 ^ 2 ^ 2 ^ iP 

—2^1 21^ 2^ 2® 27 2^ 2^ 24 2^ 2^ 2^ 2^ 

(Sign) 



Unsigned Fractional Input 

X|N 



Y,n 

1 11 10 9 8 7 6 5 

4 

1 i i oH 

I 11 10 98765432 1 0| 

2-1 2"2 2'^ 2'^ 2'^ 2'® 2"^ 

2-8 

2-9 2-10 2 "'''' 2-‘'2 

2-1 2*^ 2"^ 2*4 2"^ 2"® 2*7 2"^ 2"^ 2*19 2"11 2"1^ 



Unsigned Integer Input 

XiN 



Yin 

1 11 10 9 8 7 6 5 

4 

3 2 1 0 I 

|l1 10 98765432 1 0| 

2 II 2 ^^ 2^ 2® 2J 2® 2® 

24 

2 ^ 2 ^ 2 ^ 2 ^ 

21 1 2 I 9 2® 2® “iP 2^ 2^ 24 2^ 2^ 2"^ 2^ 
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XTP 

I 26 25 241 
_24 23 22 

(Sign) 

XTP 

I 26 25 27] 

_226 225 224 
(Sign) 

XTP 

I 26 25 24~| 

2^ 2^ 2^ 


XTP 

I 26 25 24 ' 
226 225 224 


Am29509/L509 
OUTPUT FORMATS 
Two's Complement Fractional Output 

MSP LSP 

123 22 21 20 19 18 17 16 15 14 13 12 | | 11 10 9 8 7 6 5 4 3 2 1 0 

2 ^ 2 ® 2 ”^ 2 "^ 2 "^ 2 "^ 2 "® 2 "^ 2 "^ 2 "® 2 "^ 2*^3 2*11 2"^2 2"^3 2"14 2"15 2"15 2 *^^ 2 ”^® 2"13 2"20 2"21 2 ”^^ 

Two's Complement Integer Output 

MSP LSP 

123 22 21 20 19 18 17 16 15 14 13 12 | | 11 10 9 8 7 6 5 4 3 2 1 0 

223 222 2^1 230 2 IO 2^® 2^^ 2^® 2^® 2^^ 2^3 2^^ 2^^ 2^® 2^ 2^ 2^ 2^ 2® 2^ 2^ 2^ 2^ 2^ 


Unsigned Fractional Output 

MSP LSP 


|23 22 

21 

20 

19 

18 

17 

16 

15 14 13 12 1 

1 11 10 

9 

8 

7 

6 5 

4 

3 

2 

1 0 

2-1 2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 

2-9 2-'*0 2-'^'^ 2'^^ 

2 -''3 2'^^ 

2-15 

2*16 

2-17 

2-18 2-19 

2-20 

2-21 

2-22 

CVl 

CO 

cy 







Unsigned Integer Output 













MSP 







LSP 





|23 22 

21 

20 

19 

18 

17 

16 

15 14 13 12 1 

I 11 10 

9 

8 

7 

6 5 

4 

3 

2 

1 0 

223 222 

221 

220 

2 I 9 

2 I 8 

217 

2 I 6 

2 I 5 2^4 2^3 2^2 

2 II 2'’° 

29 

28 

27 

2® 2^ 

2^ 

23 

22 

2 I 2 ° 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature . -65 to +150X Commercial (C) Devices 

Temperature Under Bias-Tc . -55 to +125®C Temperature 

Supply Voltage to Ground Potential DIPs . Ta = 0 to +70®C 

Continuous . -0.5 to +7.0V . Chip Carriers . Tc = 0 to +85®C 

DC Voltage Applied to Outputs For Supply Voltage.4.75V to 5.25V 

High Output State.-0.5V to + Vcc Militaor (M) Devices 

Vdtage..... . 0.5 to +5.5y Temperature . -55‘’C to +125°C 

DC Output Current, Into Outputs . 30mA g^pp,y .4 5^ 5 

DC Input Current . 30 to + 5.0mA Operating ranges define those limits over which the function- 

Stresses above those listed under ABSOLUTE MAXIMUM ality of the device is guaranteed, 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Am29509/L509 

Parameters 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or V|L 

•oh = - 0.4mA 


2.4 

2.7 


Volts 

VOL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 

•OL = 4.0mA 



.3 

.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for All Inputs 

2,0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for All Inputs 



.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = - 18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.4 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



100 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V . 



1 

mA 

•OZH 

Off State (High Impedance) 
Output Current 

Vcc = max 

- fVocft^t'' 

Vo = 2.4V 



25 

HA 

lOZL 

Vo = 0.4V 



-25 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc* max 

product 

O 

< 

-20 


-85 

mA 

icc 

V: ' 1 „ 

Pow^ Supply Current 

COM’t and MIL 

Ta = + 25°c 

STD Devices 




mA 

L Devices 




COM'L Devices 
Vcc = Max 

Ta = 0 to + 70“C 
(Note 4) 

STD Devices 




L Devices 




Ta = 70^C 
(Note 4) 

STD Devices 




L Devices 




MIL Devices 

Vcc = Max 

Tc = -55 to +125X 

STD Devices 




L Devices 




Tc = + 125"C 

STD Devices 




L Devices 




Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Chip Carriers: Tc = 85°C. 
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Am29509/L509 


SWITCHING CHARACTERISTICS over operating range unless otherwise specifjed 



MILITARY 

■ 

29509 

29509 

Parameters 

Description 

Test 

Conditions 

Typ 

Min 

Max 

Min 

Max 

Units 

tMA 

Multiply Accumulate Time 







ns 

ts 

Xi, Yj. RND, TC. ACC, SUB/ADD 
Set-up Time 






ns 

tH 

Xj, Yj. RND, TC, ACC, SUB/^ 
Hold Time 






ns 

ts 

PREL Set-up Time 






ns 

tH 

PREL Hold Time 






ns 

tpWH 







ns 

tpWL 

Clock Pulse Width Low 






ns 

tPDP 

Output Clock to P 






ns 

tpHZ 

LEx/<5Ex. LEm/OEm. 

LEl/SIl to 

P Disable Time 

High to Z 

HHI 

HHli 

immi 

HHHI 

HHH 

ns 

tPLZ 

Low to Z 

HHI 

HHI 

HHHI 

HHHI 

HHI 

ns 

tpZH 

LEx/5Ex. LEm/5Em. 
LEl/OEl to 

P Enable Time 

Z to High 






ns 

tpZL 

Z to Low 






ns 

tHCL 

Relative Hold Time 






ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


COMMERCIAL 

MILITARY 

■ 

29L509 

29L509 

Parameters 


Test 

Conditions 

Typ 

Min 

Max 



Units 

tMA 

Multiply Accumulate Time 







ns 

ts 







ns 

tH 







ns 








ns 

tH 







ns 

tPWH 

Clock Pulse Width High 






ns 

tpWL 

Clock Pulse Width Low 






ns 

tPDP 

Output Clock to P 






ns 

tPHZ 

LEx/5Ex.LEm/5Em, 

LEl/OEl to 

P Disable Time 

High to Z 






ns 

tPLZ 

Low to Z 






ns 

tpZH 

lex/OEx. lem/Oem, 

LEl/SEl to . 

P Enable Time 

Z to High 







tpZL 

Z to Low 






ns 

tHCL 


bihi 

bhhh 


bhhh 

bhhh 

ns 
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SWITCHING TEST CIRCUIT 


Normal Load 


Three-State Delay Load 




SWITCHING TEST WAVEFORMS 


Test 

Vx 

Output Waveform » Measurement Level 

All tpos 

Vcc 

. . V - 

-ar 

Vou - - 

fpHZ 

o.ov 


fpLZ 

2.6V 

^ .. ' 2.6V 

fpZH 

O.OV 

^ . VoH 

tpZL 

2.6V 



SET-UP AND HOLD TIME 


PULSE WIDTH 





Notes: 1. Diagram shown for HIGH data only. 

Output transition may be opposite sense. 

2 . Cross hatched area is don't care condition. 
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Am29509/L509 
THREE-STATE 
TIMING DIAGRAM 


/ 

/- 


TpHZ , 
(DISABLE) 

(HIGH LEVEL) 


(LOW LEVEL) 

, TpLZ ^ 

(DISABLE) 


, <HIGH IMPEDANCE) 
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RELATED PRODUCTS 


Part No. 

Description 

Am29526/527 

High speed Sine function generator 

Am29528/529 

High speed Cosine function generator 

Am29540 

Programmable FFT address sequencer 

Am29520/21 

Multilevel pipeline registers 
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Am295t0/L510 


Am29510/L510 

16 X 16 Multiplier Accumulator 


DISTINCTIVE CHARACTERISTICS 


• Uses two's complement or unsigned inputs and 

• Round control 

• Output register preload 

• 35-bit product accumulator result 

- 32-bit product 

- 3-bit extended product 


• IMOX^^ processing 

~ ECL internal circuitry for speed 

- TTL I/O, Single 5V Supply 

• FAST 

- High speed version multiply accumulate time 80ns 

- Low power version multiply accumulate time 110ns 


GENERAL DESCRIPTION 


The Am29510 is a high-speed 16 x 16-bit multiplier/accu¬ 
mulator (MAC). The X and Y input registers accept 16-bit 
inputs in either two's complement or unsigned magnitude 
format. A third register stores the Two's Complement (TC), 
Round (RN D), A ccumulator (ACC), and Subtraction/Addi¬ 
tion (SUB/ADD) control bits. This register is clocked 
whenever the X or Y Input registers are clocked. 

The 35-bit accumulator/output register contains the full 32- 
blt multiplier output which is sign extended or zero-filled 
based on the TC control bit. The accumulator can also be 


preloaded from an external source through the bidirectional 
P port. The operation of the accumula tor is controlled by 
the signals ACC, (Accumulator), SUB/ADD (Subtraction/ 
Addition), and PREL (Preload). Each of the input registers 
and the output register has independent clocks. 

The Am29L510 is a low-power version of the Am29510, 
The Am29L510 consumes only one-half the power of its 
standard power counterpart while maintaining nearly two- 
thirds the speed. 


BLOCK DIAGRAM 


TC RNO Y/P,5-Y/Po 


CLKx 

CLKy 


ACC 

SUB/ADO 

LEx/OEx 

LEm/OEm 

LEl/OEl 

PREL 

CLKp 



BDR02280 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


Dual In-Line 


Leadless Chip Carrier 


X6 C 

1 • v-y 

TTd 

Xg C 

2 

63 □ 

X4 c 

3 

62 □ 

X 3 C 

4 

61 □ 

X 2 C 

5 

60 □ 

Xi c 

6 

59 J 

Xg C 

7 

58 0 

Y 0 .P 0 c 

8 

57 □ 

Y 1 .P 1 c 

9 

56 □ 

Y 2 .P 2 C 

10 

55 □ 

Y 3 .P 3 C 

11 

54 □ 

Y 4 .P 4 C 

12 

53 □ 

Y 5 .P 5 C 

;>3 

52 □ 

Ye-Pe C 

14 

51 □ 

Y 7 .P 7 c 

15 

50 □ 

GND C 

16 

49 □ 

Y8.P8 C 

Am29510/L510 

48 □ 

Yg.Pg C 

18 

47 □ 

Y 10 .P 10 c 

19 

46 □ 

Y 11 .P 11 C 

20 

4f^ 3 

Yi 2.P,2 C 

21 

44 3 

Y 13 .P 13 c 

22 

43 3 

Y 14 .P 14 c 

23 

42 3 

Y 15 .P 15 c 

24 

41 3 

P 16 c 

25 

40 3 

Pl7 C 

26 

39 3 

P 18 c 

27 

38 3 

Pl9 C 

28 

37 3 

P 20 c 

29 

36 3 

P 21 c 

30 

35 3 

P 22 c 

31 

34 3 

P 23 c 

32 

33 b 


<5 O fif* IL* 



IS I I $ 

^ D 

UJ 3 


CDR04440 

Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 

Xi2 Xg Xg X4 X2 Xg 

59 61 63 1 3 5 7 
Xi3|XiJx9|x7|x5|x3|Xi| Yg. Pg 

58 60 62 64 2 4 6 8 


LEl/OEl55- 

RND54-- 

SUB/AOD53- 
ACC52- 

CLKxSI- 
CLKy50-- 


LE*/OEx«- 

pnEL46_:_- 

LEM/OEm45- 
CLKp44- 






- 9 Y 1 .P 1 

-10 Y2, P2 

-11Y3.P3 

-12 Y4,P4 

-13Y5.P5 

-14 Yg, Pg 

-isYj.Pr 

-16 QND 

-I7Y8.P8 
-18 Yg, Pg 

-lOYig, Pig 

- 20 Y 11 , Pii 

-21 Yi2. P 12 

- 22 Y 13 , Pi3 

- 23 Y 14 , Pi4 


42 40 38 36 34 32 30 28 26 
P33 I P31 1 P2» I P27 1 P25 I P23 I P2I I Pl 9 I Pl 7 
41 39 37 35 33 31 29 27 
P32 P30 P28 P26 P24 P22 P20 P18 

DIE SIZE: .291" x .258" 
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Am29510/L510 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29510/L510 P C B 

I—Screening Option 

Blank - Standard Processing 
B - Burn-in (Note 1) 

— Temperature (See Operating Ranges) 
C -Commercial (0 to +70®C) 

M - Military (-55 to +125^0 

— Package Code 

L = 68-Pin Leadless Chip Carrier 
D = 64-Pin Top-Brazed with Heat Sink 

or 64-Pin Top-Brazed without Heat Sink 
P = 64-Pin Molded DIP* 

Device Type 
Multiplier Accumulator 

Note 1. 160-hour burn-in — 

Heat sink parts: Ta = 125®C 
Non-heat sink parts: Ta = 85®C 


Valid Combinations 

Am29510 

DC, DCB, DMB, 
LC, LMB, PC*, 
PCB* 

Am29L510 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


*Pin No. 

Name 

I/O 

Description 

54 

RND 

1 

Round 

When RND is High, a bit with a weight of P15 is added to the multiplier product. RND is loaded on the rising edge of 
CLKx or CLKy. 

48 

TC 

1 

Two's Complement 

When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low. The TC 
control is loaded on the rising edge of CLKx or CLKy. 

46 

PREL 

1 

Preload 

When High, data is preloaded into the specific output register when its respective Load Enable is High. When Low, 
the accumulator register is available at the P-port when the Output Enables are Low. 

47 

LEx/Oex 

1 

Load Enable Extended/Output Enable Extended 

Active High Load Enable for the XTP port during preloading. Active Low three-state control for the XTP port during 
normal operation (see Preload Function). (TSX)** 

45 

LEm/^M 

1 

Load Enable Most/Output Enable Most 

Active High Load Enable for the MSP port during preloading. Active Low three-state control for the MSP port 
during normal operation (see Preload Function). (TSM)** 

55 

lEl/Sel 

1 

Load Enable Least/Output Enable Least 

Active High Load Enable for the LSP port during preloading. Active Low three-state control for the LSP port during 
normal operation (see Preload Function). (TSL)** 

51, 50 

CLKx, CLKy 

1 

CLOCKS _ 

Load X and Y data respectively and TC, RND, ACC and SUB/ADD on the rising edge. 

44 

CLKp 

1 

CLOCK 

Loads data into the XTP, MSP and LSP registers on the rising edge. 

1-7, 

56-64 

X 15 -X 0 

1 

Multiplier' Data Input 

Data is loaded into the X register on the rising edge of CLKx- 

8-15, 

17-24 

Y 15 -Y 0 

P 15 -P 0 

I/O 

Bidirectional Port 

Data is loaded into the Y register on the rising edge of CLKy. Product output for Least Significant Product (LSP) 
and input to preload LSP register. 

41-43 

P 34 -P 32 

I/O 

Bidirectional Port 

Product output for Extended Product (XTP) and input to preload XTP register. 

25-40 

P 31 -P 16 

I/O 

Bidirectional Port 

Product output for the Most Significant Product (MSP) and input to preload MSP register. 

52 

ACC 

1 

Accumulate 

When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier product is written 
into the accumulator (see Accumulator Function Table). The ACC control is loaded on the rising edge of CLKx o*" 
CLKy. 

53 

SUB/ADD 

1 

Subtraction/Addition 

When High, the accumulator contents are subtracted from the multiplier product and the result written back into 
the accumulator. When Low, the multiplier product is added into the accumulator (see Accumulator Function 
Table). The SUB/ADD control is loaded on the rising edge of CLKx 6r CLKy. 


*DIP Configuration 

**TRW TDC1010 Pin Designation 


PRELOAD FUNCTION 


Z = output buffers at High impedance (disabled). 

Q = output buffers at Low impedance. Contents of 
output register available through output ports. 

PL = output disabled. Preload data supplied to the 

output pins will be loaded into the output register 
at the rising edge of CLKp. 


PREL 

LEx/ 

0Ex 

LEm/ 


Output Register 

XTP 

MSP 

LSP 

, 0 

0 

0 

0 

Q 

Q 

Q 

0 

0 

0 

1 

Q 

Q 

Z 

0 

0 

1 

0 

Q 

Z 

Q 

0 

0 

1 

1 

Q 

Z 

Z 

0 

1 

0 

0 

Z 

Q 

Q 

0 

1 

0 

1 

Z 

Q 

Z 

0 

1 

1 

0 

z 

Z 

Q 

0 

1 

1 

1 

z 

Z 

Z 

1 

0 

0 

0 

z 

z 

Z 

1 

0 

0 

1 

z 

z 

PL 

1 

0 

1 

0 

z 

PL 

Z 

1 

0 

1 

1 

z 

PL 

PL 

1 

1 

0 

0 

PL 

Z 

Z 

1 

1 

0 

1 

PL 

z 

PL 

1 

1 

1 

0 

PL 

PL 

Z 

1 

1 

1 

1 

PL 

PL 

PL 


ACCUMULATOR FUNCTION TABLE 


PREL 

ACC 

SUB/ 

ADD 

P 

OPERATION 

L 

L 

X 

Q 

Load 

L 

H 

L 

Q 

Add 

L 

H 

H 

Q 

Subtract 

H 

X 

X 

PL 

Preload 
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Am29510/L510 


DETAILED DESCRIPTION 

The Am29510 is a high-speed 16 x 16-bit multiplier/accumula¬ 
tor (MAC). It comprises a 16-bit parallel multiplier followed by a 
35-bit accumulator. Two 16-blt input registers are provided for 
the X and Y operands. A third register stores two control bits, 

TC and RND. TC selects either a two's complement or an 
unsigned magnitude format for both data inputs. The RND 
control, when High, causes a bit to be added to the multiplier 
product with the weight of P 15 . This causes the most 
significant 16-bits of the product to be rounded to the value 
nearest to the full 32-bit product. Using the RND control once 
during an accumulation causes the most significant 19-bits of 
the accumulator to be rounded to the value nearest the full 35- 
bit accumulation. The TC/RND register is clocked whenever 
the X or Y input registers are clocked. 

The 32-bit multiplier output is zero-filled or sign-extended as 
appropriate to provide a 35-blt input to the accumulator. The 
accumulator has four functions: the product may be loaded 
into the accumulator, the product may be added into the 

accumulator value, the previous accumulator value may be 
subtracted from the product and the result stored in the 
accumulator or the accumulator may be preloaded from an 
external source. The operation of the accurnulator is con¬ 
trolled by the signals ACC, SUB/ADD and PREL ACC and 
SUB/ADD are stored In a register clocked whenever the X or 

Y registers are clocked. ACC in conjunction with SUB/ADD 
selects one of the first three accumulator functions (see 
Accumulator Function Table). For output and preloading 
purposes the accumulator is considered in three sections: 
Extended Product (XTP, P 34 -P 32 ) controlled by LEx/OEx, 
Most Significant Product (MSP, P 31 -P 16 ) controlled by LE^/ 
5 Em and Least Significant Product (LSP, P 15 -P 0 ) controlled 
by LEi_/OEl. When PREL Is Low these controls are actlve- 
Low Output Enables for three-state output buffers. When 
PREL is High the output buffers automatically become high 
impedance, and the controls operate as active-High Load 
Enables to the three sections of the accumulator to permit 
preloading of data applied to the bidirectional P port. The P- 
port has 35 bits, the least significant 16 of which share pins 
with the Y input. 

Am29510/L510 

INPUT FORMATS 

Fractional Two's Complement Input 

X|N 

y,n 

I 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

|l5 14 13 12 11 10 9 8 7 6 5 4 i 2 1 o”] 

2'^ 2"^ 2”^ 2’^ 2*® 2"® 2"^ 2*® 2*^ 2"'^22*13 2 "^^2*"^® 

(Sign) 

—2® 2 '^ 2’^ 2"^ 2"^ 2'® 2"® 2"^ 2’® 2”® 2*^32"132*142*15 

(Sign) 

Integer Two's Complement Input 

X|N 

Yin 

1 15 14 13 12 11 10 9876 5 432 1 0| 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

_215 2 I 4 2^3 2^2 2 II 2 ^® 2® 2® 2^ 2® 2^ 2^ 2^ 2^ 2^ 2^ 

(Sign) 

—2^® 2 I 4 2 I 3 21^ 2^^ 2 I® 2® 2® 2^ 2® 2® 2^ 2® 2® 2^ 2® 

(Sign) 

Unsigned Fractional Input 

X|N 

Yin 

I 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o| 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

2*1 2'2 2’^ 2'^ 2*® 2’® 2*^ 2*® 2'® 2*^® 2”^^ 2*12 2*13 2"14 2*15 2*16 

2*1 2*3 2 *^ 2'^ 2*® 2”® 2”^ 2*® 2”® 2 * 1 ® 2”^^ 2*13 2*13 2*14 2*1^2*^® 

Unsigned Integer Input 

X|N 

Yin 

1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

I 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

2 I 5 2 I 4 2*^2 2^2 2 "^ ^ 2^^ 2® 2® 2^ 2® 2® 2^ 2^ 2^ 2^ 2® 

2 I 5 2 I 4 2 I 3 2l^ 2^^ 2 I® 2® 2® 2 "^ 2® 2® 2^ 2® 2® 2^ 2® 
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Am29510/L510 
OUTPUT FORMATS 


Two's Complement Fractional Output 


[31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

2 ^ 2 ® 2 ”^ 2 '^ 2 *^ 2 "^ 2 *^ 2 *^ 2 '^ 2 *® 2 '^ 2 "^® 2 *^ ^ 2 "^^ 2 *^^ 2"^4 2 “ 1 ® 2 ”^® 2 '^^ 2 *^® 2 *^^ 2 '^® 2 '^^ 2 *^^ 2 ’^® 2'24 2‘25 2*26 2*27 2*28 2*29 2*30 


Two's Complement Integer Output 


131 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

231 230 229 228 2®^ 2®® 2®® 2^^ 2®® 2^^ 2^^ 2®® 2^® 2l® 2^^ 2^® 2^® 2^^ 2^® 2^^ 2^^ 2^® 2® 2® 2^ 2® 2^ 2^ 2^ 2^ 2^ 2^ 


Unsigned Fractional Output 


|31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 | 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

2*1 2*2 2"® 2’^ 2'^ 2”^ 2”^ 2"® 2'^2'^® 2"^^ 2*^® 2*^® 2*^^2*^® 2’^® 2*^^2'^® 2"^® 2"®® 2'^^ 2'^^ 2"^® 2'®^2"®® 2*^® 2'^^ 2 "®® 2’®® 2 "®® 2'®^ 2 "®® 


Unsigned Integer Output 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


231 230 239 238 237 236 235 234 233 232 221 230 2'0 2 ^® 2 *' 2 ^® 2 ^® 2 ^^ 2 ^^ 2 '^ 2 ^^ 2 '^ 2 ® 2 ® 2 ' 2 ® 2 ® 2 ^ 2 ^ 2 ^ 2 ^ 2 ^ 
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Am29510/L510 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature ...-65 to +150®C 

Temperature Under Bias-Tc.-55 to +125®C 

Supply Voltage to Ground Potential 

Continuous. .-0.5 to +7.0V 

DC Voltage Applied to Outputs For 

High Output State....-0.5V to +Vcc 

DC Input Voltage. .-0.5 to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current...-30 to + 5.0mA 

Stresses above those listed ur)der ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 

Am29510 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN 

V|N = V|H or V|L 

Iqh'^'“ 0.4mA 

24 

2.7 


Volts 

VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql = 4.0mA 


.3 

.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW level 

Guaranteed input logical LOW voltage foiiisll inputs 



.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 

mm 


mm 


l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V - 



-0.4 

mA 

l|H 

Input HIGH Current 




75 

juA 

l| 

Input HIGH Current 

Vcc = max, 



1 

mA 

lOZH 

Off State (High Impedance) 

Vcc* max 


Vo = 2.4V 



25 


lOZL 

Output Current 

Vo = 0.4 V 

mm 


-25 

isc 




Vo = ov 

m 


-30 

mA 

icc 

-;-— 

Power,Supply Current 

CC^’L and MIL 

Ta = 25°C 

mm 

jjjlQQH 








Ta = + zo^c 
(Note 4) 

■ 

■ 

lEI 






Tcc = + 125“C 



IIBEI 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Chip Carriers: Ta“85“C. 


Commercial (C) Devices 
Temperature 

DIPS.... Ta = 0 to +70°C 

Chip Carriers.Tc = 0 to +85°C 

Supply Voltage.4.75V to 5.25V 

Military (M) Devices 

Temperature.Tc = -55®C to + 125®C 

Supply Voltage...4.5V to 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 

Am29L510 


Parameters 


Description 

Output HIGH Voltage 

Output LOW Voltage 
Input HIGH Level 
Input LOW Level 

Input Clamp Voltage 
Input LOW Current 
Input HIGH Current 
Input HIGH Current 

Off State (High Impedance) 
Output Current 

Output Short Circuit Current 
(htOte 3) 


Power Supply Current 


Test Conditions 

(Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

Vcc = min 1 

V|N = V|H or V|L 

Iqh = 

=-0.4mA 

2.4 1 

2.7 


Volts 

Vcc = min 

V|N = V|H or V|L 

Iql = 

= 4.0mA j 


. 3 ” 

.5 

Volts 

1 Guaranteed input logical HIGH voltage fc»i all inputs i 

2.0 



Volts 

Guaranteed input logical LOW 





.8 

Volts 

voltage for all inputs 


COM’L 



.8 


Vcc “ min, I|n = r 





-1.5 

Volts 

Vcc = max. V|n*"0.4V 





-0.4 

mA 

vcur max. = 



75 

pA 

i^^cSIiMAX. V 1 II 1 . 5 ;®. 



1 

mA 



Vo = 2.4V 



25 


Vcc “ Max - ^ Product 


Vo = 0.4V 



-25 

liA 

iiiP® Y 

> 

0 

II 

0 

> 

-3 


-30 


Vcc-MAX 

> 

0 

II 

0 

> 

-3 


-30 

mA 

COM'L and MIL 

Ta = 25X 


330 



PnMM Hnlv/ =r Mav 


' Ta = 0 to + 70“C 
(Note 4) 



450 


L L^niy VQQ =* MaX 


Ta = + 70°C 
(Note 4) 



350 

mA 



Tec = -55 to +125X 



535 


MIL Only Vcc = Max 


Tcc = + 125X 



375 



Notes; 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25"C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Chip Carriers, Tc = SSX. 
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Am29510/L510 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 






COMMERCIAL 

MILITARY 





Test 

Conditions 

Typ 

(Note 1) 

29510 

29510 


Parameters 

Description 

Min 

Max 

Min 

Max 

Units X 

‘tMA 

Multiply Accumulate Time 


50 


80 


90 

ns 


Xj. Yj. RND, TC, ACC. SUB/)^ 
Set-up Time 


12 

25 


30 


ns 

tH 

Xi. Yj, RND. TC, ACC, SUB/ADD 
Hold Time 


0 

5 


5 


ns 

ts 

PREL Setup Time 


10 

25 


30 


ns 

tH 

PREL Hold Time 


0 

0 


2 


ns 

tpWH 

Clock Pulse Width High 


10 

20 


25 


ns 

tpWL 

Clock Pulse Width Low 


10 

20 


25 


ns 

tPDP 

Output Clock to P 


25 


40 


40 

ns 

tpDY 

Output Clock to Y 


25 


40 


B! 40 

ns 

tpHZ 

lex/5Ex, lem/Oem 
to p. lEl/5el 
to Y Disable Time 

High to Z 


21 


35 


M 40 

ns 

tPLZ 

Low to Z 


20 


35 


40 

ns 

tpZH 

LEx/5Ex. LEm/5Em 
to P, LEl/5El 
to Y Enable Time 

Z to High 


28 


40 

' -/X 

IPUo 

ns 

tpZL 

Z to Low 


24 


: 


40 

ns 

tHCL 

Relative Hold Time 



0 


. 0 


ns 

SWITCHING CHARACTERISTIC^ ipver o^ra%g range itniess otherwise specified* 




''H; .-"'Si' 

Test 

Conditions 

IP 

COMMERCIAL 


■1 



Typ 

(Note 1) 

29L510 

29L510 

mi 

Parameters 


Min 

Max 




tMA 

Multiply Accumulati^ime 


70 


110 


120 

ns 

ts 

Xj. Yj. %j|iD. TC. ACC, SUB/ADD 
Set-up time 


20 

40 


45 


ns 

tH 

Xj, Yj, RND. TC, ACC. SUB/7®D 
Hold Time 


-3 

0 


0 


ns 

ts 

PREL Set-up Time 


15 

27 


35 


ns 

tH 

PREL Hold Time 


-5 

0 


0 


ns 

tpWH 

Clock Pulse Width High 


15 

25 


30 


ns 

tpWL 

Clock Pulse Width Low , 


15 

25 


30 


ns 

tpDP 

Output Clock to P 


35 


45 


50 

ns 

tPDY 

Output Clock to Y 


35 


45 


50 

ns 

tPHZ 

LEx/5Ex, LEm/OEm 
to P, lEl/5El • 
to Y Disable Time 

High to Z 


24 


35 


40 

ns 

tPLZ 

Low to Z 


25 


35 


40 

ns 

tpZH 

LEx/5Ex, LEM/f5EM 
to P, LEl/SEl 
to Y Enable Time 

Z to High 


38 


45 


50 

ns 

tpZL 

Z to Low 


32 


40 


45 

ns 

tHCL 

Relative Hold Time 



0 

\immm 



ns 

Note: 1. Typical limits are Vcc = 5V and Ta = 25°C. 
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SWITCHING TEST WAVEFORMS 


Test 

Vx 

Output Waveform - Measurement Level 

All tpQS 

Vcc 

-V- 

VoL - /A-- 

tpHZ 

o.ov 


tpLZ 

2.6V 

0.5V / 

tpZH 

O.OV 

^ ^ VoH 

tpZL 

2.6V 



SET-UP AND HOLD TIME 


PULSE WIDTH 



LOW-HK5H-LOW 

PULSE 



HIGH>LOW-HIGH 

PULSE 



Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



ICR00490 


RELATED PRODUCTS 


Part No. 

Description 

Am29526/527 

High speed Sine function 
generator 

Am29528/529 

High Speed Cosine function 
generator 

Am29540 

Programmable FFT address 
sequencer 

Am29520/21 

Multilevel pipeline registers 
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Am29516/17 Family 


# 


Am29516/17 Family 

16 X 16-Bit Parallel Multipliers 


DISTINCTIVE CHARACTERISTICS 


• High speed 16x16 multiplier 

• Two's complement, unsigned or mixed operands 

• Full product multiplexed at output 

• Improved speed: 38ns clocked multiply (A devices) 
Reduced power dissipation: 2W (L devices) 


• Am29516 pin and functionally compatible with TRW 
MPY-16HJ — Am29517 optimized for microprogram¬ 
ming, single clock with register enables 

• TTL I/O-single + 5V supply - 64-pin package 


GENERAL DESCRIPTION 


The Am29516 and Am29517 are high speed parallel 16 x 
16-bit multipliers utilizing internal ECL logic to generate a 
32-bit product. 17-bit input registers are provided for the X 
and Y operands and their associated mode controls Xm 
and Ym- These mode controls are used to specify the 
operands as two's complement or unsigned numbers. 

At the output of the multiplier array, a format adjust control 
(FA), allows the user to select either a full 32-bit product or 
a left-shifted 31-bit product suitable for two's complement 
only. 

Two 16-bit output registers are provided to hold the most 
and least significant halvps of the product (MSP and LSP) 
as defined by FA. For asynchronous output, these registers 
may be made transparent by taking the feedthrough control 
(FT) high. A round control (RND) allows the rounding of the 
MSP; this control Is registered, and ls«entered whenever 
either input register is clocked. 

The two halves of the product may be routed to a 16-bit 3- 
state output port (P) via a multiplexer, and in addition, the 


LSP is connected to the Y-Input port through a separate 
three-state buffer. 

The Am29516 X, Y, MSP and LSP registers have indepen¬ 
dent clocks (CLK X, CLKY, CLKM, CLKL). The output 
multiplexer control (MSPSEL) uses a pin which is a supply 
ground in the TRW MPY 16HJ. When this control is LOW 
the function is that of the MPY16HJ, thus allowing full 
compatibility. 

The Am29517 differs in that it has a single cloc k input 
(CLK) and three register enables (ENX, ENY, ENP) for the 
two Input registers and the entire product, respectively. This 
facilitates the use of the part in microprogrammed systems. 
In both parts data is entered into the registers on the 
positive edge of the clock. 

The Am29516A and Am29517A are higher speed versions 
of the Am29516 and Am29517, respectively, offering great¬ 
er than 40% speed improvement while the Am29L516 and 
Am29L517 low-power versions consume only one-half the 
power of their standard power counterparts. 


BLOCK DIAGRAM 


Am29516/29516A/29L516 


Am29517/29517A/29L517 



BD002840 


BD002850 
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Am29516/17 Family 


CONNECTION DIAGRAM 
Top View 


D-64-3 


L-68-3 



*5 

X6 

X7 

X« 

Xa 

Xw 

Xit 

Xl2 

Xt3 

Xl4 

XlS 

OKX 

RNO 

Xm 

V|| 

+Vcc 

+Vcc 


FA 
CGf 
CLKM 
*‘31. Pis 
P» Pl4 
P29,Pl3 
PJS. Pl2 
*’37. **11 
**». *‘10 
»*«.*>« 
**24. Pa 


CDR04380 



CDR04410 


METALLIZATION AND PAD LAYOUT 

Am29516A/29L516/29516 


Xl3 

Xl4 

Xl5 

CLKX 


+ Vcc 
+ Vcc 
GND 
GND 


S'® 

P30. Pl4 
P29. Pl3 
P 28 . P 12 
P 27 . P 11 
P26. P10 
P25. P9 
P 24 . Pa 





Po.Vo 
Pi. Vi 
Pa. va 
P3. V3 
P4, Y4 

P5. Vs 
Ps. ve 
P7. Yy 
Pa. Va 
P9. Y9 
P10. Y10 
P11. Y11 
Pi2. Via 
Pl3. Vi3 
P14. Vi4 
P15. Via 


P3. Pl9 
P4. P20 


STANDARD DEVICE DIE SIZE: 250 X 222 MILS 
A' DEVICE DIE SIZE: 178 X 190 MILS 
'L' DEVICE DIE SIZE: 250 X 222 MILS 
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CONNECTION DIAGRAM 
Top View 


D-64-3 


L-68-3 


X 4 

X 3 

X2 

Xl 

Xo 

CLK 

ENV 


Po. Vo 
Pi. V, 
P2. Vj 

P 3 . V 3 
P 4 . V 4 
Ps. V 5 
P«. V 6 
P 7 . Y 7 
Pe. Vg 
P 9 . Vg 
P 10 . v,o 
P 1 I. Vti 
P 12 . V,J 
P 13 . Vi3 
Pl4. V,4 
Pl5. V,5 
PO. P 16 
Pi. Pl7 
P 2 . P 18 
P 3 . Pl9 
P4. P 20 
Ps. P>* 
Pg. P 22 
P 7 P 23 



Xs 

X« 

X 7 

X« 

X, 

X 10 

X 11 

X 12 

Xl3 

Xl4 


RNO 

Xm 

Vm 

+Vcc 

+Vcc 

GNO 

GNO 

uSpSSl 

FT 

FA 

5iP 
BRP 
P 31 . Pis 
P 30 . P 14 
p2fl. Pl3 

P28. Pi 2 
P27. P11 
P26. P10 
P 2 S. P 9 
P 24 . Pe 



CDR04390 


CDR04400 


METALLIZATION AND PAD LAYOUT 

Am29517A/29L517/29517 


X 5 

Xe 

X 7 

Xs 

Xg 

X 10 

X 11 

X 12 


Xl3 

Xi4 


ENX 


RND 


Xm 
Vm 
+ Vcc 
+ Vcc 


GND 

GNO 

MSPSEL 

FT 


FA 

OEP 


ENP 


P3I. Pl5 
P 3 O' Pl4 
P29. Pl3 
P 28 . P 12 
P27. P1I 
P 26 . P 10 
P25. Pg 
P24. Ps 



X 4 

X 3 

X 2 

Xi 

Xq 

OEL 

CLK 

ENY 


Po. Vo 
P1. Yi 
P 2 . Y2 
P 3 . Y 3 
P 4 . Y 4 
P 5 . Ys 
Pe. Ye 
P 7 . Y 7 
Ps. Ys 
Pg. Yg 
PlO. Y 10 
P 11 . Y 11 
P 12 . Yi 2 
P 13 . Yi3 
P 14 . Yi4 
P 15 . Yi5 


Pq. P 16 
P1. Pl7 
P 2 . Pis 
P3. Pl9 
P4. P 20 
Ps. P 21 
Pe. P 22 
P 7 . P 23 


STANDARD DEVICE DIE SIZE: 250 X 222 MILS 
A' DEVICE DIE SIZE: 178 X 190 MILS 
L' DEVICE DIE SIZE: 250 X 222 MILS 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29516 P C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in (Note 1) 

— Temperature (see Operating Range) 
C - Commercial (0 to + 70X) 

M-Military (-55 to +125‘’C) 

— Package 

D - TD.64-2 (64-pin CERDIP) - 
with heat sink* 

F - F-64-35 (64-pin flatpak) 

L = L-68-3 (68-TERMINAL 
Chip Carrier) 

P = 64-pin Molded DIP 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


*TD-64-1 (64-pin CERDIP) without heat sink 
for Low-Power versions 

Note 1. 160-hour burn-in - 

Heat sink parts: Ta = 125®C 
Non-heat sink parts: Ta = 85°C 


•—Speed Select 

38ns= 29516A, 29517A 
65ns = 29516, 29517 
90ns = 29L516, 29L517 

Device Type 
29516, 29516A 
29517, 29517A 
29L516, 29L517 


Valid Combinations 

Am29516 

DC, DCB, DMB - 
with heat sink 

FMB, LMB - 
without heat sink 

Am29517 

Am29516A 

Am29617A 

DC, DCB, DMB - 
with heat sink 

LMB - 

without heat sink 

Am29L516 

Am29L517 

PC, PCB, DC, DCB, 
DM, DMB, LMB 
without heat sink 
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Am29516/17 Family 


PIN DESCRIPTION 


*Pin No. 

Name 

I/O 

Description 

1-5, 

54-64 

Xo-Xi5 

I 

Multiplicand Data inputs. 

9-24 

Yo-Yi5. Po-Pi5 

I/O 

Multiplier Data inputs or Least Significant Product (LSP) output. , 

25-40 

P 16 -P 31 . 

P 0 -P 15 

0 

MSP product port when MSPSEL is LOW. LSP product port when MSPSEL is HIGH. 

51, 50 

Xm.Ym 

(TCX, TCY)** 

I 

Mode control inputs for each data word; LOW for unsigned data and HIGH for two's complement data. 

43 

FA(RS)** 

I 

Format adjust control selects either a full 32-brt product (HIGH) or a left shifted 31-bit product with the sign bit 
replicated in the LSP (LOW). This control is'normally high, except for certain fractional two's complement 
applications. (See Multiplier output formats table.) 

44 

FT 

I 

Feedthrough control (HIGH) makes both MSP and LSP registers transparent. 

45 


I 

Selects either MSP (LOW) or LSP (HIGH) to be available at the product output port. 

52 

RND 

I 

Control for rounding the MSP. Adds a binary one to the most significant bit of the LSP for two's complement and 
unsigned numbers. 

42 

OEP (TRIM)** 

I 

Three-state enable for product output port. 

6 

OBl (TRIL)** 

I 

Three-state enable for routing LSP through Y input/output port. 


Am29516 ONLY 


53, 8, 

CLKX 

1 

Register Clock, Xi5_o. Xm. RND 

41, 7 

CLKY 


Register Clock, Yi 5 _o, Ym, RND 


CLKM 


MSP Register Clock 


CLKL 


LSP Register Clock 


Am29517 ONLY 


7, 53 

CLK 

1 

Clock, All Registers 

8, 41 

Enx 


Register Enable, Xi 5 _o, Xm, RND 


ENY 


Register Enable, Yi 5 _o, Ym, RND 


ENP i 


Register Enable MSP, LSP 


*DIP Configuration 

**TRW MPY 16HJ pin designation 


Xm. Ym = 1 


INPUT FORMATS 
(All Devices) 

Fractional Two's Complement Input Format 


XiN Yin 


I 15 14 13 

12 

11 

10 

9 

8 7 

6 

5 4 3 2 1 0 1 

1 15 14 13 12 11 

10 

9 

8 7 

6 

5 

4 

3 

2 

1 

ZJ 

-2^ 2*^ 2’^ 

2-3 

2-4 

2-5 

2-6 

2-7 2-8 

2-9 

2-10 2-11 2-12 2"13 2"1^ 2'^® 

—2® 2"^ 2"® 2"® 2*^ 

2-5 

2-® 

2-7 2'® 

2-9 

2-10 

2-11 

2-1® 

2-13 

2-14 

2-15 

(Sign) 








(Sign) 











Xm. Ym = 1 






Integer Two's Complement Input Format 














X|N 






Yin 








I 15 14 13 

12 

11 

10 

9 

8 7 

6 

5 4 3 2 1 0 I 

|15 14 13 12 11 

10 

9 

8 7 

6 

5 

4 

3 

2 

1 

Z] 

_215 2 I 4 2^3 

212 

2 II 

gio 

2® 

2® 2^ 

2® 

2® 2^ 2® 2® 2^ 2® 

_215 2 I 4 2 I 3 2'*2 2'*‘* 

2 IO 

2® 

2® 27 

2® 

2® 

2^ 

2® 

2® 

2^ 

2® 

(Sign) 








(Sign) 











Xm. Ym = o 







Unsigned Fractional Input Format 
















X|N 






Yin 








1 15 14 13 

Ti” 

TT 

10 


8 7 

6 

~5 4 3 i i T] 

I 15 14 13 12 11 

10 

9 

8 7 

6 

5 

T" 

"T~ 

T" 

T~ 

Z] 

2-1 2*2 2-3 

2-4 

2-5 

2-6 

2-7 

2-8 2*9 

2-10 

2-11 2-12 2-13 2-14 2-15 2-16 

2-1 2*2 2'® 2"^ 2"® 

2'® 

2-7 

2-8 2*3 

2-10 

2-11 

2 - 1 ® 

2-13 

2-14 

2*15 

2-16 

Xm. Ym = o 







Unsigned Integer Input Format 
















X|N 






Yin 








1 15 14 13 

~T2~ 

IT 

10 

~9~ 

8 7 

6 

5 4 3 2 1 0 1 

|l5 14 13 12 11 

To" 


8 7 

6 

5 

_ 

_ 

_ 

_ 

Z] 

215 214 213 

2 I 2 

211 

210 

29 

2® 27 

2® 

2® 2^ 2® 2® 2^ 2® 

2 I 5 2^^ 2I3 2^® 2^^ 

21 ® 

2 ® 

2® 27 

2® 

2® 

24 

2® 

2® 

2^ 

2® 
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FA = 0 


OUTPUT FORMATS 
(All Devices) 

Fractional 2's Complement (Shifted)* Output 

MSP LSP 


1 31 30 

29 

20 

27 

26 

25 

24 23 

22 

21 20 19 18 17 161 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

-2° 2-'' 

2-2 

2-3 

2-4 

2-5 

2-6 

2-7 2-8 

2-9 

2-10 2-11 2*12 2*13 2-14 2-15 _20 2-I6 2-17 2-I8 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 

(Sign) 








(Sign) 

FA = 1 








Fractional 2's Complement Output 







MSP 


LSP 

1 31 30 

29 

28 

27 

26 

25 

24 23 

22 

21 20 19 18 17 161 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

_2l 2® 

2-1 

2-2 

2-3 

2-4 

2-5 

2-6 2*7 

2-8 

2-9 2-1®2-11 2-122-132*14 2*1^ 2-1® 2-1^ 2-1® 2-1® 2-^° 2-^1 2-22 2-23 2-24 2*25 2-26 2-27 2-28 2-29 2-30 

(Sign) 









FA = 1 








Integer Two's Complement Output 







MSP 


LSP 

1 31 30 

"ii" 

If 

"iT" 

"is" 

"iT 

24 23 

~22 

21 20 19 18 17 16| 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

—2^^2^^ 2^9 

226 

227 

226 

225 224 223 

222 

221 220 2I9 2I8 2l^ 2^® 2I® 2I4 2I® £1^ £11 £1® £® £® £^ £® 2® £4 2® 2® 2I 2® 

(Sign) 









FA = 1 








Unsigned Fractional Output 







MSP 


LSP 

1 31 30 

29 

~ 2B 

TT 

le" 

25 

24 23 

~22 

21 20 19 18 17 16| 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 

2-1 2-2 

2-3 

2-4 

2-5 

2-6 

2-7 

2-8 2’9 

2-10 

2-11 2*12 2-13 2-14 g-IB 2-I6 2-‘’7 2*1® 2-13 2"®® £-®'' 2"®® 2"®® 2-®4 2"®® 2"®® 2"®^ 2"®® 2'®® 2"®® 2"®^ 2"®® 

FA = 1 








Unsigned Integer Output 







MSP 


LSP 

1 31 30 

29 

"iT 

~fr 

"ie" 

25 

24 23 

~22 

21 20 19 18 17 161 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 | 


231 2^0 2^9 2^8 2 ^^ 2 ^® 2^5 2 ^^ 2 ^® 2 ^^ 2 ^^ 2 ^® 2^8 2^8 2 ^^ 2 ^® 2 ^® 2 ^^ 2 ^® 2 ^^ 2 ^^ 2 ^® 2 ^ 2 ® 2 J 2 ^ 2 ^ 2 ^ 2 ^ 2 ^ 2 ^ 2 ^ 


*ln this format an overflow occurs in the attemped multiplication of the two's complement number 
1.000...(-1) with itself, yielding a product of 1.000... or -1. 
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Am29516/17 Family 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.....-65 to +150®C 

Supply Voltage to Ground Potential 

Continuous.-0.5 to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage...-0.5 to +5.5V 

DC Output Current, Into Outputs..30mA 

DC Input Current..-30 to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is hot implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 

Am29516/29517 


OPERATING RANGES 

Commercial (C) Devices 
Temperature 

DIPS... Ta = 0°C to +70®C 

Chip Carriers..Tc = 0°C to 85®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vec = min 

V|N = V|H or V|L 

Iqh “ -0.4mA 

2.4 

2.7 


Volts 

VoL 

Output LOW Voltage 

Vcc = min 

V|N =V|H or V|L 

Iql = 4.0mA 


.3 

.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW voltage for all inputs 



.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N=-18mA 



-1.5 

Volts 

IlL 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.4 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



75 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1 

mA 

Iqzh 

Off State (High Impedance) 
Output Current 

Vcc = max 

Product 

Vo = 2.4V 



25 

juA 

lOZL 

Vo = 0.4V 



-25 

isc 

Output Short Circuit Current 
(Note 2) 

Vcc = max 

Y, Product 

> 

o 

II 

O 

> 

-3 


-30 

mA 

Ice 

Power Supply Current 
(Note 3) 

■« 


Ta=+25X 


600 


mA 

COM'L Devices 

Vcc = max 

Ta = 0 to +70“C (Note 4) 



800 

Ta = +70‘’C (Note 4) 



750 

MIL Devices 

Vcc = max 

Ta = -55 to +125°C 



900 

Ta = + 125‘‘C 



800 


Notes: 1. Typical limits are at Vcc = 5 0V, +25°C ambient and maximum loading. 

2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

3. OEP and OEL LOW with all product (MSP and LSP) bits LOW. 

4. Chip Carriers: Tc = 85°C. 
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DC CHARACTERISTICS over operating range unless othenvise specified 

Am29516A/29L516/Am29517A/29L517 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output High Voltage 

Vcc = min 

V|N = V,H or V|L 

•oh = -0.4mA 

2.4 

2.7 


Volts 

VOL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql - 4.0mA 


.3 

.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage for all inputs 



.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “ min, 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, Viisi = 0 .4V 



-0.4 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



75 

ma 

l| 

Input HIGH Current 

Vcc = max, V|n = 5 .5V 



1 

mA 

lOZH 

Off State (High Impedance) 
Output Current 

Vcc = max 

Product 

Vo = 2.4V 



25 

ma 

•OZL 

Vo * 0.4V 



-25 

isc 

Output Short Circuit Current 
(Note 2) 

Vcc = max 

Y, Product 

< 

o 

II 

O 

< 

-3 


-30 

mA 

icc 

Power Supply Current 
(Note 3) 

COM'L Devices 
Vcc = max 

Ta = +25‘'C 

A Devices 


600 


mA 

L Devices 


300 


Ta = 0 to + 70°C 
(Note 4) 

A Devices 



800 

L Devices 



400 

Ta = +70°C 
(Note 4) 

A Devices 



750 

L Devices 



350 

MIL Devices 

Vcc = max 

Tc = -55 to +125°C 

A Devices 



900 

L Devices 



440 

Tcc = + 125“C 

A Devices 



800 

L Devices 



350 


Notes; 1. Typical limits are at Vcc = 5.0V, 25'’C ambient and maximum loading. 

2. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

3. OEP and OEL LOW with all product (MSP and LSP) bits LOW. 

4. Chip Carriers: Tc^SS^C. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 

Am29516/29517 


Parameters 

Description 

Test 

Conditions 

Typ 








tMUC 

Undocked Multiply Time 

Load 1 

50 


85 


95 

ns 

tMC 

Clocked Multiply Time 

40 


65 


75 

ns ' 

ts 

Xj, Yj, RND Set-up Time 

10 

20 


25 


ns 

tH 

Xj, Yj, RND Hold Time 

0 

3 


3 


ns 

tpWH 

Clock Pulse Width High 

10 

15 


15 


ns 

tpWL 

Clock Pulse Width Low 

10 

15 


15 


ns 

tPDSEL 

MSPSEL to Product Out 

20 


30 


35 

ns 

tPDP 

Output Clock to P 

20 


30 


35 

ns 

tPDY 

Output Clock to Y 

20 


30 


35 

ns 

tPHZ 

OEP Disable Time 

High to Z 

Load 2 

12 


23 


28 

ns 

tPLZ 

Low to Z 

15 


23 


28 

ns 

tpZH 

OEP Enable Time 

Z to High 

25 


32 


35 

ns 

tPZL 

Z to Low 

25 


32 


35 

ns 

tPHZ 

6 EL Disable Time 

High to Z 

12 


23 


28 

ns 

tpLZ 

Low to Z 

15 


23 


28 

ns 

tpZH 

OEL Enable Time 

Z to High 

25 


32 

. 1 

35 

ns 

tPZL 

Z to Low 

25 


32 

1 

35 

ns 

ts 

Clock Enable Set-up Time 
(Am29517 Only) 

Load 1 

5 

10 


15 


ns 

tH 

Clock Enable Hold Time 
(Am29517 Only) 

0 

3 


3 


ns 

tHCL 

Clock Low Hold Time CLKXY 
Relative to CLKML (See Note 2) 
(Am29516 Only) 

0 

0 


0 


ns 


Notes: 1. Switching Characteristics are measured and guaranteed for Ta as specified with 200 Lf/min flowing across the device. 

2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before 
the output registers have been clocked. 
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Am29516/17 Family 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (Note 1) 
Am29L516/29L517 


Parameters 

Description 

Test 

Conditions 

Typ 

COMMERCIAL 

MILITARY* 

Mnits 

Min 

Max 

Min 

Max 

tMUC 

Undocked Multiply Time 

Load 1 

90 


120 


135 

ns 

tMC 

Clocked Multiply Time 

70 


90 



ns 

ts 

Xj, Yj, RND Set-up Time 


25 


25 


ns 

tH 

Xj. Yj, Hold Time 


0 


0 


ns 

tH 

RND Hold Time 


3 


3 


ns 

tpWH 

Clock Pulse Width High 


20 


20 


ns 

tpWL 

Clock Pulse Width Low 


20 


20 


ns 

tpDSEL 

MSPSEL to Product Out 

25 


35 


40 

ns 

tpDP 

Output Clock to P 

25 


35 


40 

ns 

tPDY 

Output Clock to Y 

25 


35 


40 

ns 

tpHZ 

OEP Disable Time 

High to Z 

Load 2 

20 


30 


35 

ns 

tPLZ 

Low to Z 

20 


30 


35 

ns 

tpZH 


Z to High 

25 


35 


40 

ns 

tpZL 

OEP Enable Time 

Z to Low 

25 


35 


40 

ns 

tpHZ 


High to Z 

20 


30 


35 

ns 

tPLZ 

OEL Disable Time 

Low to Z 

20 


30 


35 

ns 

tpZH 

Gel Enable Time 

Z to High 

25 


35 


40 

ns 

tPZL 

Z to Low 

25 


35 


40 

ns 

ts 

Clock Enable Set-up Time 
(Am29L517 Only) 

Load 1 

10 

15 


20 


ns 

tH 

Clock Enable Hold Time 
(Am29L517 Only) 


3 


5 


ns 

tHCL 

Clock Low Hold Time CLKXY 
Relative to CLKML (See Note 2) 
(Am29L516 Only) 


0 


m 


ns 


Notes: 1. Switching Characteristics are measured and guaranteed for Ta as specified with 200 Lf/min flowing across the device. 

2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before 
the output registers have been clocked. ^ 


^PRELIMINARY 


7-48 


03562C 

Refer to Page 13-1 for Essential Information on Military Devices 




















Parameters Description 


tMUC Undocked Multiply Time 

tMc Clocked Multiply Time 

ts Xj, Yj, Set-up Time 

tH Xj, Yj, Hold Time 

ts RND Set-up Time 

tH RND Hold Time 

tpwH Clock Pulse Width High 

tpwL Clock Pulse Width Low 

tPDSEL MSpS^L to Product Out 

tpDP Output Clock to P 

tpoY Output Clock to Y 


iOEP Disable Time 


i5EP Enable Time 


Disable Time 


iOEL Ehabte Time 


High to Z 
Low to Z 
Z to High 
Z to Low 
' High to Z 
Lov^r to 
' Z to High 
Z to Low 


^ Clock Eriable Set-up Time 

J®_ (Am29517A Only) __ _ 

. Clock Enable Hold Time , . 

^ _ (Am29S17A Only) _ ’ _ 

Clock Low Hold Time CLKXY 

tHCL Relative to CLKML (See Note 2) -1 

(Am29516A Only) 


Notes: 1. Switching Characteristics are measured and guaranteed for T^ as specified with 200 Lf/min flowing across the device. 

2. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before 
the output registers have been clocked. 


Notes on Testing 

Incoming test procedures on this device should be carefully 
planned, taking into account the high complexity and power 
levels of the part. The following notes may be useful; 

1. Insure the part is adequately decoupled at the test head. 
Large changes In Vcc current as the device switches may 
cause erroneous function failures due to Vcc changes. 

2. Do not leave inputs floating during any tests, as they may 
start to oscillate at high frequency. 

3. Do not attempt to perform threshold tests at high speed. 
Following an Input transition, ground current may change by 
as much as 400mA in 5-8ns. Inductance In the ground 


cable may allow the ground pin at the device to rise by 100s 
of millivolts momentarily. 

4. Use extreme care in defining input levels for AC tests. Many 
inputs may be changed at once, so there will be significant 
noise at the device pins and they may not actually reach V|l 
or V|H until the noise has settled. AMD recommends using 
V|L<0.0V and V|h>3.0V for AC tests. 

5. To simplify failure analysis, programs should be designed to 
perform DC, Function, and AC tests as three distinct groups 
of tests. 

6. To assist in testing, AMD offers complete documentation on 
our test procedures and, in most cases, can provide 
Fairchild Sentry programs under license. 
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TEST WAVEFORMS 
(All Devices) 


Test 

Vx 

Output Waveform >- Measurement Level 

All tppS 

Vcc 

. - 

VoL - - 

*PHZ 

o.ov 

^ . . ' O.OV 

*PLZ 

2.6V 

2.6V 

0-5V / 

fpZH 

O.OV 


fpZL 

2.6V 

, 

X’” 

- VoL 


SETUP AND HOLD TIME 
(All Devices) 


PULSE WIDTH 
(All Devices) 



LOW-HIGH-LOW 

PULSE 


1.5V HIGH-LOW-HIGH 
PULSE 


Notes: 1. Diagram shown for HIGH data only. Output tran¬ 
sition may be opposite sense. 

2. Cross hatched area is don't care condition. 
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SIMPLIFIED TIMING DIAGRAM 
TYPICAL APPLICATION 


RECEIVE MSP OR LSP 


DATA INPUT 
TOX, Y 
REGISTERS 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS 


Hh- Trcl (Am29516) 


RECEIVE MSP OR LSP 


DATA INPUT 
TOX, Y 
REGISTERS 


DATA OUTPUT 
TO MSP, LSP 
REGISTERS 
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Am29520/Am29521 

Multilevel Pipeline Registers 


DISTINCTIVE CHARACTERISTICS 

• Four 8-bit high speed registers • Hold, transfer and load instructions 

• Dual two-level or single four-level push-only stack oper- • Provides temporary address or data storage 

ation • 24-pin 0.3" package 

• All registers available at multiplexed output 


GENERAL DESCRIPTION 


The Am29520 and Am29521 each contain four 8-bit 
positive edge-triggered registers. These may be operated 
as a dual 2-level pipeline or as a single 4-level pipeline. A 
single 8-bit input Is provided and any of the four registers is 
available at the 8-blt, 3-state output. 

The Am29520 and Am29521 differ only in the way data is 
loaded into and between the registers in dual 2-level 


operation. This difference is illustrated in Figure 1. In the 
Am29520 when data is entered into the first level (I - 2 or 
1-1) the existing data in the first level is moved to the 
second level. In the Am29521 these instructions simply 
cause the data in the first level to be overwritten. Transfer 
of data to the second level Is achieved using the 4-level 
shift instruction (1 = 0). This transfer also causes the first 
level to change. In either part I = 3 is a HLD. 


BLOCK DIAGRAM 



BDR02270 


‘Multilevel Pipeline Register 


03569A 
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CONNECTION DIAGRAM 
Top View 


D-24-SLIM 



CDR04470 


Note: Pin 1 is marked for orientation 


3 

lO 

<o 

ai 

to 

o 

> 

3 

to 

iO 

cn 

to 




TB2 


Figure 1. 


I = 3 HLD 
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Am29520/Am2952t 


METALLIZATION AND PAD LAYOUT 
CHIP TOPOGRAPHY 
Am29520/21 



- 23 Sq (MUX SEL) 
22 S, (MUX SEL) 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29520/21 P 


C B 

'—Screening Option 

Blank - Standard processing 
B - Burn-in 

—-Temperature (See Operating Range) 


Valid Combinations 

Am29520 

Am29521 

DC, DCB, DM, 
DMB 


C -Commercial (0 to +70®C) 
M - Military (-55 to +^25^C) 


•— Package 

D-24-pin SLIM 

Device Type 

Multilevel Pipeline Registers 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


♦Pin No. 

Name 

I/O 

Description 

3-10 

Do-Dy 

I 

Register input port. 

11 

CLK 

I 

Clock input. Enter data into registers on LOW-to-HIGH transitions. 

1. 2 


I 

Instruction inputs. See Figure 1 and Instruction Control Tables. 

23, 22 

So, Si 

I 

Multiplexer select. Inputs either register Ai, A 2 , Bi or B 2 data to be available at the output port. 

13 

5e 


Output enable for 3-state output port. 

14-21 

Yo-Yy 

0 

Register output port. 


*DIP Configuration 


APPLICATIONS 

The IMOX^^ Am29520 and Am29521 multilevel pipeline 
registers are specifically designed as a temporary address 
storing register for array processing and digital signal process¬ 
ing applications using the Am29500 Family. 

In AP/DSP applications a single data address may be used a 
multiple number of times. The multilevel pipeline register 
allows saving addresses within its registers for use at a later 
time. 

Below are a number of applications where the use of a 
multilevel pipeline register can be implemented. 

CLOCK CONTROLLER, BYTE-WIDE DELAY 
LINE/SHIFT REGISTER 

The Am29520/21 can be utilized as a byte-wide shift register 
capable of delaying a byte of data from one to four clock 
cycles. The number of delay cycles is controlled by the So, Si 


control inputs and can be changed by the user without 
interrupting the data flow. 

ANALOG/DIGITAL BUFFER 

In the example shown in Figure 2 the Am29520/21 acts as a 
4-byte buffer between an A/D converter and a controller (or 
microprocessor). Four digitized samples are sequentially 
stored in the Am29520/21 from the A/D converter. This is 
accomplished by applying a READ control input to the clock 
input of the Am29520/21 as well as to the READ input of the 
A/D. Since I = 0, the data output from the A/D will be stored in 
the Am29520/21 as shown in Figure 3. 

While the fifth sample is being acquired by the A/D, the 
controller will read all registers of the Am29520/21 by 
manipulating Sq, Si. Note that the three-state output (con¬ 
trolled by OE) can be tied directly to a microprocessor bus and 
that the registers of the Am29520/21 can be easily memory 
mapped. 


Am29500 PROCESSOR 



BD002711 
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Am29520/Am29521 


Figure 2. A/D Buffer 



A/D CONTROL 
AND TIMING 
LOGIC 


Figure 3. A/D Buffer Timing 



Am29520/21 INPUT SAMPLE 1 





Am29520/21 OUTPUT 


The A/D will acquire four more samples before the Am29520/21 registers need to be read. 

Note that the Am29520/21 can be simultaneously written and read. A two byte ping-pong memory is realizable by 
switching between I modes 1 and 2. While the A/D is writing registers Bi and B 2 , the microprocessor can be reading 
registers Ai and A 2 . 

Also, note that the Am29520/21 is easily cascadable in width for applications involving 12-bit and 16-bit A/D converters. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65 to +150°C 

Temperature Under Bias-Tc.-55 to +125°C 

Supply Voltage to Ground Potential 

Continuous.-0,5 to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5 to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or ViL 

IOH =-6.5mA (COM'L) 

2.4 



Volts 

IOH =-2.0mA (MIL) 

2.4 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql = 12mA 



0.45 

Volts 

Iql 20mA 



0.50 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.2 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.5V 

OE 



-2.0 

mA 

Other Inputs 



-0.4 

l|H 

Input HIGH Current 

Vcc = MAX, V|N = 2.7V 



50 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

lOZH 

•OZL 

Off State (High Impedance) 
Output Current 

Vcc = max 

Vo = 2.7V 



50 

mA 

Vo = 0.4V 



-50 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-30 


-100 

mA 

icc 

Power Supply Current 
(Note 4) 

COM’L and MIL 

Ta = 25°C 


125 



COM'L Only 

Vcc = max 

Ta = 0 to + 70"C 

Ta = + 70°C 



185 



155 

mA 

MIL Only 

Vcc = max 

Tc = -55 to -t-125°C 



200 

Tc = +125°C 



150 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25^0 ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs LOW. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. Ta = 0°C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.Tc = -55°C to + 125®C 

Supply Voltage..+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am29520/Am29521 


PULSE WIDTH 



SET-UP AND HOLD TIME 



Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 









COMMERCiAL 



Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 






Qmi 

03911 

Clock to Data Output 



■a 

■a 


21 


24 


ESBfli 



o 

1^1 


22 


24- 


in 

031911 

So, Si to Data 



■a 

■a 


20 


22 



QS9I1 

Output 

Rl = 280S2 

Cl * 50pF 


■a 

■a 


20 


22 


ts 

Input Data to Clock 

IB 



10 


10 



tH 


3 



3 


3 


ns 

ts 

Instruction (Register 

Enable) to Clock 


■El 



10 


10 



tH 


3 



3 


3 



tpHZ 

OE .to Output 

Cl = 5pF 


5 

■a 


13 


14 

ns 

tpLZ 

OE to Output 

Cl = 5pF 


■i 

■a 


15 


16 

||B|S|| 

tpZH 

5e to Output 



■a 

■a 


20 


22 

ns 

tpZL 

5E to Output 



■a 



21 


22 

ns 


Clock Pulse 

Width HIGH 

10 



10 


10 


ns 

tpWL 

Clock Pulse 

Width LOW 


10 



10 


10 


ns 


Note: Please refer to Guidelines for Testing Am2900 Family Devices in Section 13 of this data book. 
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SWITCHING TEST CIRCUIT 


SWITCHING TEST CIRCUITS FOR DELAY MEASUREMENTS 


TO 

OUTPUT 

PIN 



1N916 0R 
1N3064 


*Cl = 50pF for all tpo, tzH and t^L 
Cl = 5pF for tHZ and iiz 


TEST WAVEFORMS 


Test Output Waveform - Measurement Level 


All tpQS 


51 Closed 

5 2 Closed 
Si Closed 

* 1.5V S 2 Closed 

51 Closed 

5 2 Closed 

voH $1 Open 

S 2 Closed 
Si Closed 
• VoL S 2 Open 
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Am29520/21 
TIMING DIAGRAM 
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INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



ICR00510 


RELATED PRODUCTS 


Part No. 

Description 

Am29540 

FFT Address Sequencer 

Am29116 

16-blt Bipolar Microprocessor 

Am2925 

System Clock Generator and Driver 

Am29517 

16 X 16-bit High Speed Multiplier 

Am29510 

16 X 16-bit Multiplier Accumulator 

Am6108 

8-bit Microprocessor Compatible 

A/D Converter 

Am9128-70' 

2Kx8 Static RAM 

Am21L47-55 

4K X 1 Static RAM 
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Am29526 • Am29527 
Am29528 • Am29529 

High Speed Sine, Cosine Generators 


DISTINCTIVE CHARACTERISTICS 

• Provides values for sine/cosine functions in 7r/2048 
increments 

• Outputs are 16-bit two’s complement fractions 

• Fast generation time of 50ns max Com’l 

• S/LS compatible 

• Three-state outputs 

• IMOX^“ processing 


RELATED PRODUCTS 
Part No. Description 

Am29516/17 16 x 16-Bit High Speed Multipliers 

Am29510 16 x 16-Bit Multiply Accumulator 

Am29540 FFT Address Sequencer 

Am29825 High Performance 8-Bit Register 


CONNECTION DIAGRAMS - Top Views 


FUNCTIONAL DESCRIPTION 

The Am29526/27 and Am29528/29 provide high speed 
generation of sine and cosine functions over the range 
0 ^ < TT in increments of 7r/2048. 6 is determined by an 

11-bit input word. Each device provides an 8-bit output and 
two are used to give the full 16-bit value. The Am29526 
and Am29527 generate the MS and LS bytes respectively 
for the sine function. Similarly, the Am29528 and Am29529 
generate the cosine functions. 

The outputs are fractional two’s complement numbers with 
the radix point located immediately to the right of the sign 
bit (in between the bits weighted -2° and 2"1). As this 
format does not allow for the representation of +1 the 
functions generated are -sin0 and -cos6. In this way the 
output values are restricted to the range -1 ^ f(6^) < +T 
which is representable. The outputs are three-state with 
one active Low enable and two active High enable. 

While providing general purpose sine and cosine function 
capability, the Am29526/27/28/29 satisfy the requirements 
of the Am29540 FFT Address Sequencer. 


DIP 



Chip-Pak™ 


ABL 006 



BLOCK DIAGRAM 


Aq-A^O 



ABL-008 


IMOX and Chip-Pak are trademarks of Advanced Micro Devices, Inc. 


7-64 


Refer to Page 13-1 for Essential information on Military Devices 





Am29526/27/28/29 
ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise specified: 

COM’L Ta = 0 to +70°C Vcc = 5 0 V ±5% (MIN = 4.75V MAX = 5.25V) 

MIL Tc = -55 to +125“C Vcc = 5.0V ±10% (MIN = 4.50V MAX = 5.50V) 

DC CHARACTERISTICS OVER OPERATING RANGE 

Typ 


Parameters 

Description 

Test Conditions 


Min 

(Note 1) 

Max 

Units 

'^OH 

Output HIGH Voltage 

Vqq = MIN, Iqh — —2.0mA 

V|N = V|H or V|L 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc - MIN, Iql — 16mA 

V|N = V|H or V|L 



0.50 

Volts 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L- 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

IlL 

Input LOW Current 

Vcc = max, V|n = 0.45V 


-0.010 

-0.250 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

f,A 

'l 

Input HIGH Current 

Vcc max, V|n = 5.5V 



1.0 

mA 

■sc 

Output Short Circuit Current 

Vcc = max, Vqut = 0 ov 

MIL 

-15 

-40 

-90 

mA 

(Note 2) 

COM’L 

-20 

-40 

-90 

•cc 

Power Supply Current 

All inputs = GND, Vcc = MAX 


115 

185 

mA 

Vi 

Input Clamp Voltage 

Vcc = min, I|n = -18mA 



-1.2 

Volts 

•CEX 

Output Leakage Current 

Vcc = max 

n 

o 

" 



40 


Vcs = 2.4V 

Vq = 0.4V 



-40 

C|N 

Input Capacitance 

V|N = 2.0V @ f = 1MHz (Note 3) 


4.0 


pF 

Cqut 

Output Capacitance 

Vqut == 2.0V @ f - 1MHz (Note 3) 


8.0 

_i 



Notes: 1. Typical limits are at Vqc = 5.0V and Ta = ±25°C. 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 

3. These parameters are not 100% tested, but are periodically sampled. 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 

-65 to +150°C 

Temperature (Ambient) under Bias 

-55 to ±125°C 

Supply Voltage to Ground Potential Continuous 

- 0.5 to ± 7.0V 

DC Voltage Applied to Outputs 

-0.5V to ± Vqq max 

DC Input Voltage 

-0.5 to +5.5V 

DC Input Current 

-30 to ±5mA 


DEFINITION OF FUNCTIONAL TERMS 


Aiq-Aq Data Input Values 

Input, 6, corresponding to = 0 (000) to 20477 t/ 

2048 (3FF). Aio is MSB. 

El, E 2 , Es Outpu^Enables 

When Ei is Low and E 2 and E 3 are High, the 

outputs Fg-Fy are enabled. Otherwise the out¬ 
puts are in the high impedance state or off. 

Data Output Values 

The outputs corresponding to -sin 6 i or -cos^l. 

Fy is MSB. 
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Am29526/27/28/29 
SWITCHING CHARACTERISTICS 
OVER OPERATING RANGE 




COM’L 

MIL 

Test 

Units Conditions 

Parameters Description 

Ta = -l-25‘‘C 
Vcc = 5V 

,TA = 0to+70X 
Vcc = 5V ±5% 

Tc = -55 to +125X 
Vcc = 5V ± 10 % 

Typ 

Max 

Max 

tPLH 

Sin/Cos Generation Time 

Ai to Fj 

30 

50 

65 

ns 

Rl = 6000 

Cl = 30pF 
(Notes 1 and 2) 

tPHL 

30 

50 

65 

ns 

tpHZ 

Ei, E2, E3 
Disable Time 

High to Z 

10 

25 

30 

ns 

tPLZ 

Low to Z 

10 

25 

30 

ns 

tpZH 

Ei, E2. E3 
Enable Time 

Z to High 

10 

25 

30 

ns 

tpZL 

Z to Low 

10 

25 

30 

ns 


Notes: 1. tpm and tpm are tested with switch Si closed and C[_ = 30pF. ^ 

2. For three-state outputs, the disables time is tested with Cl = 30pF to the 1.5V level; Si is open for Z to High test and closed for Z to Low test. 
The enable time is tested with Cl = 5pF. High to Z tests are made to an output voltage to Vqh - 0.5V with Si open; Low to Z tests are made 
to the Vql -0.5V level with Si closed. 


SWITCHING WAVEFORMS 



Note: Level on output while chip is disabled is determined externally. 


AC TESTLOAD 



ABL-010 
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TABLE 1. -COS(0) TABLE 


Decimal 

input 

Actual 

Hexadecimal 

Input 

Angle 
in Radians 

Decimal Value 
of - Cos {6) 

Hex Value 
of -Cos(0) 

Am29526 

MS Device 

Am29527 

LS Device 

0 

0 

0 

-1.000000 

1000 

10 

00 

512 

200 

ttIA 

-0.707107 

A57E 

A5 

7E 

1024 

400 

77/2 

0.000000 

0000 

00 

00 

1536 

600 

SttIA 

+ 0.707107 

5A82 

5A 

82 

2047 , 

7FF 

204777/2048 

+ 0.999999 

7FFF 

7F 

FF 


TABLE 2. -SIN(6l) TABLE 


Decimal 

Input 

Actual 

Hexadecimal 

Input 

Angle 
in Radians 

Decimal Value 
of -Sin((9) 

Hex Value 
of -Sin(0) 

Am29528 

MS Device 

Am29529 

LS Device 

0 

000 

0 

0 

0000 

00 

00 

512 

200 

77/4 

-0.707107 

A57E 

A5 

7E 

1024 

400 

77/2 

-1.00000 

8000 

80 

00 

1536 

600 

377/4 

-0.707107 

A57E 

A5 

7E 

2047 

^_! 

204777/2048 

-0.001534 

FFCE 

FF‘ 

CE 


Figure 1. The Minus Sine Function 


OUTPUT 

2’S COMPLEMENT DECIMAL 

0.000000000000000 0.0 


1.000000000000000 - 1.0 


INPUT 



ABL-01 1 


Figure 2. The Minus Cosine Function 


OUTPUT 
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Am29526/27/28/29 


ORDERING INFORMATION 

Order the part number according to the table below to obtain the desired package, temperature range and screening level. 

Package Type Operating Range Screening Level 

Order Number (Note 1) (Note 3) (Note 2) 


AM29526PC 

P-24-1AA 

C 

C-1 

AM29527PC 

P-24-1AA 

C 

C-1 

AM29528PC 

P-24-1AA 

C 

C-1 

AM29529PC 

P-24-1AA 

C 

C-1 

AM29526PC-B 

P-24-1AA 

C 

B-1 

AM29527PC-B 

P-24-1AA 

C 

B-1 

AM29528PC-B 

P-24-1AA 

C 

B-1 

AM29529PC-B 

P-24-1AA 

C 

B-1 

AM29526DC 

D-24-1AA 

C 

C-1 

AM29527DC 

D-24-1AA 

C 

C-1 

AM29528DC 

D-24-1AA 

C 

C-1 

AM29529DC 

D-24-1AA 

C 

C-1 

AM29526DC-B 

D-24-1AA 

C 

B-1 

AM29527DC-B 

D-24-1AA 

C 

B-1 

AM29528DC-B 

D-24-1AA 

C 

B-1 

AM29529DC^B 

D-24-1AA 

C 

B-1 

AM29526DM 

D-24-1AA 

M 

C-3 

AM29527DM 

D-24-1AA 

M 

C-3 

AM29528DM 

D-24-1AA 

M 

C-3 

AM29529DM 

D-24-1AA 

M 

C-3 

AM29526DM-B 

D-24-1AA 

M 

B-3 

AM29527DM-B 

D-24-1AA 

M 

B-3 

AM29528DM-B 

D-24-1AA 

M 

B-3 

AM29529DM-B 

D-24-1AA 

M 

B-3 

AM29526LC 

L-32-2 

C 

C-1 

AM29527LC 

L-32-2 

C 

C-1 

AM29528LC 

L-32-2 

C 

C-1 

AM29529LC 

L-32-2 

C 

C-1 

AM29526LM 

L-32-2 

M 

C-3 

AM29527LM 

L-32-2 

M 

C-3 

AM29528LM 

L-32-2 

M 

C-3 

AM29529LM 

L-32-2 

M 

C-3 

AM29526LM-B 

L-32-2 

M 

B-3 

AM29527LM-B 

L-32-2 

M 

B-3 

AM29528LM-B 

L-32-2 

M 

B-3 

AM29529LM-B 

L-32-2 

M 

B-3 


Notes: 1. P = Molded DIP, D = Hermetic DIP, L = Chip-Pak. Number following letter is number of leads. See 

Appendix B for detailed outline. Where Appendix B contains several dash numbers, any of the variations of 
the package may be used unless otherwise specified. 

2. Levels C-1 and C-3 conform to MIL-STD-883, Class C. Level B-3 conforms to MIL-STD-883, Class B. 

3. C = 0 to +70°C, Vcc - 4.75 to 5.25V, M = -55 to +125X, Vcc = 4.50 to 5.50V. 
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Am29540 

Programmable FFT Address Sequencer 


DISTINCTIVE CHARACTERISTICS 


• Generates data and coefficient addresses 

• Programmable transform length 2 to 65,536 points 

• Radix-2 or Radix-4 

• In-place or non-in-place transformation 


• Decimation in frequency (DIF) or decimation in time 
(DIT) FFT algorithms supported 

• 40-pin DIP package, 5 volt single supply 


GENERAL DESCRIPTION 


The Am29540 Fast Fourier Transform Address Sequencer 
generates ail the data (RAM) and coefficient (ROM) ad¬ 
dresses necessary to perform the repetitive butterfly opera¬ 
tions of the FFT. Decimation in time and decimation in 
frequency algorithms are si^ported (control DIT/DIF) in 
radix-2 or radix-4 (RADIX 4/2). A radix-2 real valued Input 
(RVI) transform is also supported. For radix-2 operation the 
transform length is programmable in powers of 2 from 2 to 
65,536 points. In radix-4 the range is 4 to 65,536 In powers 
of 4. 

Address sequences can be selected to be compatible with 
data which may or may not have been pre-scrambled (’bit- 
reve rsed'). If the data has been pre-scrambled the control 
P^b must be LOW to selec t the correct sequence. If the 
data is not pre-scrambled (PSD HIGH) and an in-place 
transform is performed, the output data will necessarily be 
in bit-reversed order. If this is not desirable, alternate 
addresses are available for a non-in-place, non-bit-revers¬ 
ing algorithm. 


The butterfly counter operates on the positive clock edge 
and responds to four instructions. COUNT causes the 
counter to increment to the next butterfly. RESET causes 
the counter to initialize for the specified transform length. 
RESET/LOAD causes the counter to initialize and a data 
address offset to be loaded into the part via the bi¬ 
directional 3-state ADDRESS port. This offset Is effectively 
OR-ed onto the higher significant bits of the address which 
are unused for the selected transform length. A HOLD i 
Instruction is also provided. Three status lines are provided. 
ODD/EVEN (KNZ/KZ) controls the alternation of read and 
write memories for non-in-place transforms and determines 
the butterfly structure in the RVI transform. The flag has the 
function KNZ/KZ when RVI data addresses are selected 
(AS = 12 to 15). Iteration complete (IT COMP) flags the 
bottom of a "column" of butterflies and Is used in conjunc¬ 
tion with block floating point schemes. FFT COMP Identifies 
the last butterfly of the transform. 


BLOCK DIAGRAM 


TRANSfORM LENGTH 
TI«-TL3 



ADDRESS OUTPUT 
(OFFSET INPUT) 


BDR02240 


FFT Address Sequencer 


03567C 
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RELATED PRODUCTS 


Part No. 

Description 

Am29501 

Multi-port pipelined processor 
(Byte-slice^*^) 

Am29516/17 

16x16 parallel multiplier 

Am29520/21 

Multilevel pipeline register 

Am29526/ 

27/28/29 

High speed sine/cosine 
generators 

Am29825 

High performance 8-bit 
register 


Byte-Slice is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


D-40-1 


L-44-1 


ASo 

Ao 

Ai CI| 

Aa 
As 
A4 

As IZ 
As Z 

A7 Z 
OHO Z 

As 
A, Cl 

AlO Z 

A„ d 
Ai2 
Ai3 

Ai4 

Ai5 Z 
Of Z 
FFTCOMP Z 




>PAS, 

p AS3 

000/E9eNKN^i3 

P WK 

=lTto 

Ztl, 

ZTLa 
ZTL 3 
Z Vcc 

Z *0 
Z«1 


I STRB 
1 oa/DiF 


23 p » 


I RADIX 4/2 
I rrcoMP 



CDR04360 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 

Am29540 


39 ASj 
38 AS3 

37 ODD/EVEN (KN2/KZ) 
TSEL 



DIE SIZE: 254 x 273 MILS 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29540 


B 


'—Screening Option 

Blank - Standard Processing 
B - Burn-in 

-Temperature (see Operating Range) 
C -Commercial (0 to -i-TOX) 

M - Military (-55 to +125X) 

'— Package 

D-40 pin CERDIP 

L-44 pin Leadless Chip Carrier 

X- Dice 


Valid Combinations 

Am29540 

DC, DCB, DMB 
LC, LMB 


Device Type 

Programmable FFT Address Sequencer 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

*Pin No. 

Name 

I/O 

Description 

31-34 

TL3. TL2 

TLi, TLo 

1 

Transform length control determines the number of points to be transformed. (See Figure 1.) 

36, 35 

TSEL, TSTRB 

1 

Transform ienpth latch enables. These active LOW inputs are ANDed to control the latch. The latch is transparent 
when both TsEL and TSTRB are LOW. 

29, 28 

lo. Ii 

1 

Counter Instruction inputs determine one of four available butterfly counter instructions: Hold, Reset, Reset/Load 
and Count. (See Figure 2.) 

27 

CP 

1 

Butterfly counter clock (positive edge active). 

22 

Radix 4/2 

1 

The Radix control determines whether addresses will be generated for Radix-4 (HIGH) for Radix-2 (LOW) 
transforms. , 

23 

PSD 

1 

The Pre-Scrambled Data, PSD, input is used to select an appropriate transform for input data which has previously 
been digit reversed. Refer to individual transform flow charts for other cases. 

24 

dit/DP 

1 

Control input for selection of the Decimation in Frequency algorithm (LOW) or Decimation In Time algorithm 
(HIGH). 

26, 25 

SEl, STRb 

1 

Transform type (Radix 4/2, PSD, DIF/T) latch enables. These active LOW inputs are ANDed to control the latch. 
The latch is transparent when both SEL and $TRB are LOW. 

1, 38-40 

AS3, AS2, 

ASi. ASo 


Address Select control determines address selection. (See Figure 3.) 

19 


1 

Three-state output enable. The 3-state output is controlled solely by DE. The output does not automatically 
become high impedance during the Reset/Load instruction. 

00 

CD 

CSl 

A 15 -A 0 

Address Out- 

I/O 

Bidirectional 16-bit port to output selected addresses or to input an address offset. 


put 

(offset input) 




37 

ODD/EVEN, 

(KNZ/RZX 

0 

For address select 0 to 11 the ODD/EVEN output controls the alternation of separate read and write memories for 
non-in-place transforms. For Address select 12 to 15 KNZ/KZ = (LOW) indicates that the rotational constant to 
be used In the RVI transform is W® and that an alternative butterfly must be implemented. 

20 

FFT COMP 

0 

FFT Complete = HIGH Identifies the last butterfly (or end) of the transform. (See Figure 4.) 

21 

IT COMP 

0 

Iteration Complete = HIGH flags the bottom of a 'column' of butterflies. (See Figure 4.) 

*DIP Configuration 

DETAILED DESCRIPTION 

The Am29540 can be pictured as consisting of sixteen 16-bit 
counters that output on a bidirectional three-state address 
port, A 15 -A 0 . These sixteen counters generate the data and 
coefficient addresses required to support the various FFT 
algorithms. 

Decimation-In-Time (DIT) and Decimation-In-Frequency (DIF) 
algorithms are supported in Radix-2 and Radix-4. Two inputs, 
DIT/DIF and Radix4/2, control these two parameters without 
encoding. A third microcode bit, PSD, enables input data to be 
bit reversed. PSD must be LOW for all transforms with 
prescrambled (bit reversed) input data. For all in-place trans¬ 
forms with normally-ordered Input data, PSD must be HIGH. 

For all non-ln-place DIT transforms, P§D must be LOW, and 
for all non-in-place DIF transforms, PSD must be HIGH. These 
three microcode bits can be latched. STRB and SEL are the 
latch enables. They are ANDed so that the latch is transparent 
when both are LOW. 

The transform length Is latched via the TL 3 -TL 0 inputs. 
TSTRB and T$EL are the latch enables. They are ANDed so 
that the latch is transparent when both are LOW, For Radix-4 
operations, the transform length is programmable in powers of 

4, from 4 to 65,536 points. In Radix-2, the range is 2 to 65,536 
points in powers of 2. A Radix-2 Real Valued Input (RVI) 
algorithm is also supported for transform lengths from 2 to 
65,536, In powers of 2. Codes to program the transform length 
are contained in Figure 1. 

Two microcode bits, I-i-Iq. control the operation of the 
Am29540. The four possible instructions are: 

1. HOLD. All counters hold their last values. This Instruction is 
used at any time the counter values must remain constant 
and could be used during initialization of the part. 

2. RESET. All counters are reset to the start of the transform. 

All unused address lines are set to zero. Control bits DIT/ 
DiF, Radix 4/2 and PSD are unaffected. 

3. RESET/LOAD. All counters are reset to the start of the 
transform. All unused address lines are set to the current 
value of the address port. This allows loading of an offset 
address via the bidirectional address port. This offset is 
effectively ORed onto the higher significant bits of the 
address which are unused for the transform length. Only 
data address counters are affected. Coefficient address 
counters are not affected. 

4, COUNT. All counters are incremented to their next valid 
address. 

Cpdes for ail four instructions are contained in Figure 2. 

Four address select controls, AS 3 -AS 0 , choose which of the 
sixteen counter outputs are available at the address port. 
Typically, these bits would come from the microcode. Data 
addresses are right-justified, A 15 being the MSB. Coefficient 
addresses are left-justified: A 15 is the MSB for Radix-4 
operations; A-j 4 is the MSB for Radix-2 operations. Codes for 
AS 3 -AS 0 are contained in Figure 3. 

Two output flags, ITCOMP and FFTCOMP, indicate counter 
status. When the bottom of a column of butterflies is reached. 
Iteration Complete (ITCOMP) goes HIGH. When the last 
butterfly (or end) of the transform is reached, FFT Complete 
(FFTCOMP) also goes HIGH. These two flags would typically 
be condition code inputs to the microprogram sequencer. 

A third flag Is used to indicate end of column for non-ln-place 
transforms or one of two butterfly types for RVI transforms. 

For column indication, the flag is called ODD/EVEN and can 
be used to switch memory banks. The flag will be a HIGH for 
the last column of butterflies. In the RVI transform the flag is 
called KNZ/KZ. The equations for the butterfly when the 
rotational constant is W® are different from when the rotational 
constant Is not W®. When KNZ/KZ is LOW, it Indicates that 
the rotational constant to be used Is W® and that the 
alternative butterfly equations must be executed. Typically 
there are two microcode segments. The KNZ/KZ flag would 
be a condition code Input to the sequencer to select one of the 
two segments. 
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TL3 

TL2 

TLi 

TLo 

Transform Length 

Radix-2 

Radix-4 

RVI 

L 

L 

L 

L 

2 

4 

4 

L 

L 

L 

H 

4 

4 

8 

L 

L 

H 

L 

8 

16 

16 

L 

L 

H 

H 

16 

16 

32 

L 

H 

L 

L 

32 

64 

64 

L 

H 

L 

H 

64 

64 

128 

L 

H 

H 

L 

128 

256 

256 

L 

H 

H 

H 

256 

256 

512 

H 

L 

L 

L 

512 

1024 

1024 

H 

L 

L 

H 

1024 

1024 

2048 

H 

L 

H 

L 

2048 

4096 

4096 

H 

L 

H 

H 

4096 

4096 

8192 

H 

H 

L 

L 

8192 

16384 

16384 

H 

H 

L 

H 

16384 

16384 

32768 

H 

H 

H 

L 

32768 

65536 

65536 

H 

H 

H 

H 

65536 

65536 

Not Used 


Figure 1. Transform Length Control 


h 

lo 

Counter Function 

L 

L 

Hold 

L 

H 

Reset. Reset counter to start of transform 
with unused address outputs set to 0. 

H 

L 

Reset/Load. Reset counter to start of transform 
with unused address outputs set to the current 
value of the address bus. 

H 

H 

Count. Increment butterfly counter. 


Figure 2. Counter Instruction Control 



FFT Type 

AS3 

AS2 

Complex Input 

L 

X 

X 

L 

Real Valued Input (RVI) 

H 

H 


Figure 2a. Offset Address Control 


AS = 

AS 3 

AS 2 

ASi 

ASo 

Description 

Usage 

0 

L 

L 

L 

L 

Data Address 1 

Radix 2/4 

1 

L 

L 

L 

H 

Data Address 2 

Radix 2/4 

2 

L 

- L 

H 

L 

Data Address 3 

Radix 4 

3 

L 

L 

H 

H 

Data Address 4 

Radix 4 

4 

L 

H 

L 

L 

Alt. Data Address 1 

Radix 2/4 

5 

L 

H 

L 

H 

Alt. Data Address 2 

Radix 2/4 

6 

L 

H 

H 

L 

Alt. Data Address 3 

Radix 4 

7 

L 

H 

H 

H 

Alt. Data Address 4 

Radix 4 

8 

H 

L 

L 

L 

Const Address 1 

Radix 2/4, Shading 

9 

H 

L 

L 

H 

Const Address 2 

Radix 4 

10 

H 

L 

H 

L 

Const Address 3 

Radix 4 

11 

H 

L 

H 

H 

Const Address 1 

Shading 

12 

H 

H 

L 

L 

RVI Data Address 1 

RVI 

13 

H 

H 

L 

H 

RVI Data Address 2 

RVI 

14 

H 

H 

H 

L 

RVI Data Address 3 

RVI 

15 

H 

H 

H 

H 

RVI Data Address 4 

RVI 


Figure 3. Address Select Control 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature. .-65 to +150®C 

Temperature Under Blas-Tc.......-55 to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5 to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5 to -P5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 

Commercial (C) Devices 

Temperature 

DIPS.Ta = 0‘’C to +70X 

Chip Carriers...Tc = 0‘’C to 85®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.Tc = -55‘’C to + 125®C 

Supply Voltage. .+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 





Parameters 

Description 

Test Conditions (Note i) 




QQ 

VoH 

Output HIGH Voltage 

Vcc = min 


IOH =-2.6mA, COM'L 

2.4 




V|N = V|H or V|L 


IOH“-mA, MIL 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V[L 

IOL=12mA 



HQH 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



IQQI 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 





Vl 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



BEI 

BEIB 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.4 

HC&EH 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



20 

w 

l| 

Input HIGH Current 

Vcc = max, ViN = 5.5V (See Note 5) 




1^1 

lOZH 

Off State (High Impedance) 

Vcc = max 

V|n = 2.7V 



20 

BQI 

lOZL 

Output Current 

V|N = 0.4V 



0.4 

IIQQIIIII 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc =max 


-30 


-85 

mm 




COM'L and MIL 

Ta=25“C 


320 

450 

■1 



Power Supply Current 
(Note 4) 

COM’L Only 


Ta = 0 to + 70‘’C (Note 6) 



450 

m 

•cc 


Vcc = max 


Ta = + 70X (Note 6) 



400 




MIL Only 


Tc = -55 to +125“C 



470 

H 




Vcc = max 


Tc = + 125“C 



350 

■1 

Notes; 

1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

2. Typical limits are at Vcc “ 5.0V, 25®C ambient and maximum loading, •' 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. 5e low and all inputs LOW. 

5. It is limited to 5.5V because Aq to A^s inputs also connect to output transistors. 

6. Chip Carriers; Tq = 0 to 85"C. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

(Ta = 25“C, Vcc = 5.0V) 


Parameters 

Description 

Test 

Conditions 

Min 

Typ 

Max 

Units 

1 

tPD 

CP to Ao- 15 (AS = 0) 

Cl = 50pF 

See Test 
Circuits 


21 

30 

ns 

1 

tpD 

CP to Ao- 15 (AS= 1) 


21 

30 

ns 

1 

tpD 

CP to Ao. 15 (AS = 2) 


21 

30 

ns 

1 

tpD 

CP to Ao. 15 (AS = 3) 


21 

30 

ns 

1 

tpD 

CP to Ao.i 5 (AS = 4) 


21 

30 

ns 

1 

tpD 

CP to Ao. 15 (AS = 5) 


21 

30 

ns 

1 

tpD 

CP to Ao.i 5 (AS = 6 ) 


21 

30 

ns 

1 

tpD 

CP to Ao. 15 (AS = 7) 


21 

30 

ns 

1 

tpD 

CP to Ao. 15 (AS = 8 ) 


25 

32 

ns 

1 

tpD 

CP to Ao.i 5 (AS = 9) 


25 

32 

ns 

1 

tPD 

CP to Ao. 15 (AS= 10) 


30 

40 

ns 

1 

tpD 

CP to Ao. 15 (AS = 11) 


21 

40 

ns 

1 

tpD 

CP to Ao- 15 (AS= 12) 


21 

30 

ns 

1 

tpD 

CP to Ao-i 5 (AS= 13) 


21 

30 

ns 

1 

tpD 

CP to Ao- 15 (AS= 14) 


21 

30 

ns 

1 

tpD 

CP to Ao- 15 (AS= 15) 


21 

30 

ns 

2 

tPD 

Address Select to Aq-is 

With A 2 LOW 


30 

40 

ns 

With A 2 Active 


45 

60 

ns 

3 

tPHZ 

OE to Ao -15 Disable Time 


20 

30 

ns 

4 

tPLZ 

OE to Ao -15 Disable Time 


20 

35 

ns 

5 

tpZH 

DE to Ao -15 Enable Time 


18 

30 

ns 

6 

tpZL 

UE to Ao -15 Enable Time 


16 

25 

ns 

7 

tpD 

CP to IT COMP 


20 

30 

ns 

8 

tpD 

CP to FFT COMP 


20 

30 

ns 

9 

tPD 

CP to ODD/EVB^/ (KNZ/KZ) 


30 

40 

ns 

10 

tPD 

Address Select to ODD/EVEN/ (KNZ/KZ) 


20 

30 

ns 

11 

ts 

Offset Address Input Ao -15 to CP Set-up Time 

10 

4 


ns 

12 

tH 

Offset Address Input Ao -15 to CP Hold Time 

0 

-1 


ns 

13 

ts 

Counter Instruction to CP Set-up Time 

20 

11 


ns 

14 

tH 

Counter Instruction to CP Hold Time 

0 

0 


ns 

15 

ts 

Transform Length Select to CP Set-up Time 

40 

25 


ns 

16 

tH 

Transform Length Select to CP Hold Time 

0 

0 


ns 

17 

ts 

Transform Length Select to TSTRB t Set-up Time 

8 

4 


ns 

18 

tH 

Transform Length Select to TSTRB i Hold Time 

5 

3 


ns 

19 

ts 

TSEL (HIGH to LOW) to TSTRB t Set-up Time 

15 

10 


ns 

20 

tH 

TSEL to TSTRB t Hold Time 

15 

10 


ns 

21 

ts 

RADIX 4/2 to CP Set-up Time 

25 

16 


ns 

22 

tH 

RADIX 4/2 to CP Hold Time 

0 

0 


ns 

23 

ts 

RADIX 4/2, PSD, DIT/DIF to STRB t Set-up Time 

8 

5 


ns 

24 

tH 

RADIX 4/2, PSD, DIT/DIF to STRB i Hold Time 

0 

0 


ns 

25 

ts 

SEL (HIGH to LOW) to STRB T Set-up Time 

15 

10 


ns 

26 

tH 

SEL Hold Time to STRB t Hold Time 

15 

10 


ns 

27 

ts 

STRB or TSTRB to CP Set-up Time 

45 

30 


ns 

28 

tpWSL 

Minimum Strobe Pulse Width LOW 

15 

10 


ns 

29 

tpWH 

CP Pulse Width HIGH 

15 

10 


ns 

30 

tpWL 

CP Pulse Width LOW 

15 

10 


ns 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test 

Conditions 

1 

wssm 

CP to Ao.i 5 (AS = 0) 


1 

wsa 

CP to Ao. 16 (AS = 1) 


1 

wm 

CP to Ao.i 5 (AS = 2) 


1 

■aa 

CP to Ao.i 5 (AS = 3) 


1 

isa 

CP to Ao. 15 (AS = 4) 


1 

■sa 

CP to Ao -1 5 (AS = 5) 


1 

■sa 

CP to Ao.i 5 (AS = 6) 


1 

isa 

CP to Ao. 15 (AS = 7) 


1 

laa 

CP to Ao. 15 (AS = 8) 


1 

ESI 

CP to Ao.i 5 (AS = 9) 


1 

na 

CP to Ao- 15 (AS = 10) 


1 

Baa 

CP to Ao.i 5 (AS- 11) 


1 

Baa 

CP to Ao.i 5 (AS = 12) 


1 

Baa 

CP to Ao- 15 (AS - 13) 


1 

Baa 

CP to Ao.15(AS»14) 


1 

Ba 

CP to Ao. 15 (AS = 15) 



■n 


With A2 low 



El 

Address Select to Aq-is 

With A 2 Active 


, 3 

l!!l!9 

OE to Ao -15 Disable Time 

Cl =50pF 

4 

■an 

SI to Ao-is Disable Time 

See Test 

5 

BSSl 

SE to Ao.i 5 Enable Time 


6 

isa 

SE to Aq-is Enable Time 


7 


CP to IT COMP 


8 

Baa 

CP to FFT COMP 


9 

asw 

CP to ODD/lTOj/(KNZ/KZ) 

I 

10 

IBBI 

Address Select to ODD/E^/(KNZ/KZ) 


11 

mm 

Offset Address Input Aq-is to CP Setup Time 


12 

mm 

Offset Address Input Aq-is to CP Hold Time 


13 

aa 

Counter Instruction to CP Setup Time 


14 

Bsa 

Counter Instruction to CP Hold Time 


15 

aa 

Transform Length Select to CP Setup Time 


16 

aa 

Transform Length Select to 'CP Hold Time 


17 


Transform Length Select to TSTRB t Setup Time 


18 

aa 

Transform Length Select to TSThB 

t Hold Time 


19 

aa 

tSEL (HIGH to LOW) to TSTRB t Setup Time 


20 

aa 

TSEL toTSTRB T Hold Time 


21 

aa 

RADIX 4/2 to CP Setup Time 


22 

aa 

RADIX 4/2 to CP Hold Time 


23 

ts 

RADIX 4/2, PSO. DIT/DiF to STPB t Setup Time 


24 

aa 

RADIX 4/2, P5D, DIT/DiF to §TRB 

T Hold Time 


25 

aa 

sn: (HIGH to LOW) to STRB f Setup Time 



aa 

SOI Hold Time to STRB i Hold Time 


27 

.S 

STRB or TSTrS to CP Setup Time 


28 


Minimum Strobe Pulse Width LOW 


29 


CP Pulse Width HIGH 


30 


CP Pulse Width LOW 




MILITARY 
Min Max 

_ 40 

40 







Units 

ns 

ns 

ns 

ns 




ns 


ns 



ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



ns 

ns 

ns 

ns 

ns 
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SWITCHING TEST CIRCUIT 


A. THREE-STATE OUTPUTS 


B. NORMAL OUTPUTS 




5.0-Vbe-Vol 
•OL + VoL 


5.0-Vbe-Vol 
Iql + Vql 
R2 


Notes: 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 

2. Si, S 2 , S 3 are closed during function tests and ail AC tests except output enable tests. 

3. Si and S 3 are closed while S 2 is open for tpzH test. 

S-i and S 2 are closed while S 3 is open for tpzL f©st. 

4. Cl = S.OpF for output disable tests. 



03567C 

Refer to Page 13-1 for Essential Information on Military Devices 


Am29540 







Am29540 


PULSE WIDTH 



SET-UP AND HOLD TIME 



WFR02970 


Notes: 1. Diagram shown for HIGH data only. Output transition may be opposite sense. 
2. Cross hatched area is don't care condition. 
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LATCH TIMING DIAGRAM 


«S 



3-StATE 

TIMING DIAGRAM 



VOH 

1.5V 

Vql 


VoH 
1.5 V 


1.5V 

VoL 


WFR02720 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



ICR00510 
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DFR00660 


a. Sequence of Operations for Typical FFT 



DFR00670 

*Note: AS = 4 and AS = 5 are alternate addresses used in non-in-place transformations. 

b. Single RADIX-2 Butterfly 
Figure 4. 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIF 

• Normally ordered input data 
(Bit-reversed output data order) 

• In-place 

• Complex valued input data 


TYPICAL BUTTERFLY 


FORWARD TRANSFORM 

A' = A + B 


B' = (A-B)W*^ 


INVERSE TRANSFORM 

A' = A + B 
B' = (A-B)W"‘^ 


W = e"j^ 



(N = 8) 


(M*4) 


(N-2) 



DFR00700 


DIT/DIF 

PSD 

RADIX 4/2 

L 

H 

L 


Address of 


B 

A’ 

B' 

Wk 

__ 

0 


0 

1 

8 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIF 

• Normally ordered output data 
(Bit-reversed input data order) 

• In-place 

• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 


A' = A + B 
B' = (A-B)W‘^ 


A' = A + B 
B' = (A-B)W"‘< 


W = e-i^ 


TYPICAL BUTTERFLY 



(H-2) 


(N-4} 








'HHDHH 

■■ 

HHDHHIl 


!|||[|QQQy2Q|||||| 

D 

11 

D 

D 

Bli 


o 

D 

D 

n 

D 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIF 

• Normally ordered input and output data 
(Non-bit-reversing) 

• Non-in-place 

• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 


TYPICAL BUTTERFLY 


A' = A + B 
B' = (A-B)W‘^ 


A' = A + B 
B' = (A-B)W~^ 


W = e'i’^ 




DIT/DIF 

PSD 

RADIX 4/2 

L 

H 

L 


Address of 

A 

B 

A' 

B' 

Wk 

AS = 

0 

1 

4 

5 

8 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered input data 
(Bit-reversed output data order) 

• In-place 

• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 


TYPICAL BUTTERFLY 


A' = A + 

B' = A-BW*< 


A'^A + BVr*^ 
B' = A-BW-'^ 



W = 


e-F 


(N * 8) 


(N*4) 


(N*2) 



DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

L 


Address of 

A 

B 

A' 

B’ 

Vyk 

AS = 

0 

1 

0 

1 

8 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered output data 
(Bit-reversed input data order) 

• In-place 

• Complex valued Input data 

FORWARD TRANSFORM INVERSE TRANSFORM 


TYPICAL BUTTERFLY 


A' = A + BW*' 
B' = A - B\N^ 


A' = A + BW-’^ 
B' = A-BW"*^ 



W = e-j’^ 


(N = 2) 


(N = 4) 


(N = 8) 



DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

L 


Address of 

A 

B 

A' 

B' 

Vyk 

AS = 

0 

1 

0 

1 

8 
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TRANSFORM CHARACTERISTICS 

• 16-Polnt (N = 16) 

• RADIX-2 

• DIT 

• Normally ordered input and output data 
(Non-bit-reversing) 

• Non-in-place 

• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 

A'^A + BW*^ A'*A + BW'< 

B' = A-BW‘^ B'^A-BVr*^ 

W = e'j’^ 


TYPICAL BUTTERFLY 




DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

L 


Address of 

A 

B 

A' 

B’ 

Wk 

AS = 

4 

5 

0 

1 

8 
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TRANSFORM CHARACTERISTICS 


TYPICAL BUTTERFLY 


• 16-Point (N = 16) 





• RADIX-4 





• DIF 


A • 


A' 

• Normally ordered input 

data 




(Digit-reversed output data order) 

B • 


^ B' 

• In-place 



^ ?it 


• Complex valued Input data 


C • 


-♦ C' 






FORWARD TRANSFORM 

INVERSE TRANSFORM 

0 • 


^ D' 

A' = A + B + C + D 

A' = A + B + C + D 


DFR00510 

B'»(A-jB-C + jD)W'^ 

B' = (A + jB-C-jD)Vr'< 




C' = (A-B + C-D)w2k 

C' = (A-B + C-D)V\r2‘^ 




D' = (A + jB-C-jD)W^‘' 

D' = (A-jB-C + jD)W-3‘^ 

-iff 





w = e-j^ 


(N* 4) 



DIT/DIF 

P§D 

RADIX 4/2 

L 

H 

H 


Address of 

A 

B 

C 

D 

A' 

B' 

C 

D’ 

Wk 


W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N* 16) 

• RADIX-4 

• DIF 

• Normally ordered output data 
(Digit-reversed input data order) 

• In-place 

• Complex valued input data 

FORWARD TRANSFORM INVERSE TRANSFORM 


TYPICAL BUTTERFLY 


A'*A + B + C + D 
B' = (A-jB-C + jD)W*^ 
C' = (A-B + C-D)W2k 
D'*(A + jB-C-jD)W3‘« 


A' = A + B + C + D 
B' = (A + jB-C-jD)\Ar‘^ 
C' = (A~B + C-D)W2‘< 
D' = (A-jB-C + jD)V\r3‘^ 



W = e"j^ 


(N = 4) 



DIT/DIF 

PSD 

RADIX 4/2 

L 

L 

H 


Address of 

A 

B 

C 

D 

A’ 

B’ 

C' 

D' 

WK 

W2k 

W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 
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TRANSFORM CHARACTERISTICS 


TYPICAL BUTTERFLY 


• 16-Point (N = 16) 





• RADIX-4 





• DIF 


A • 


^ A' 

• Normally ordered input 

and output data 




(Non-digit reversing) 


B • 


^ B' 

• Non-in-place 





• Complex valued Input data 


C • 


C' 

FORWARD TRANSFORM 

INVERSE TRANSFORM 

0 • 


D' 

A' = A + B + C + D 

A' = A + B + C + D 


DFR00510 

B' = (A-jB-C + jD)W‘^ 

B' = (A + jB-C-jD)Vr*^ 




C' = (A-B + C-D)w2k 

C' = (A-B + C-D)W"2k 




D' = (A + jB-C-jD)W^'^ 

D' = (A-jB-C + jD)W"3k 





w = e"j^ 



DIT/DIF 

PSD 

RADIX 4/2 

L 

H 

H 


Address of 

A 

B 

C 

D 

A’ 

B' 

C 

D' 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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TRANSFORM CHARACTERISTICS 

• 16-Point {N = 16) 

• RADIX-4 

• DIT 

• Normally ordered input data 
(Digit-reversed output data order) 

• In-place 

• Complex valued input data 


FORWARD TRANSFORM 


TYPICAL BUTTERFLY 



A' * A + 

B' = A - jBW*^ - CW^k + jDW^k 
C' = A - BW*^ + CW^k - 
D' = A + jBW*^ - - jDW^*^ 


A' = A + BW"*^ + 

B'^A + jBW"*^ - CVr 2k - jD W 
C' = A - BW~k + CVr^k « DW“2k 
D' = A ~ jBW-k - CV\r2k ^ 


W = e-'i^ 


(N -4) 



DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

H 


Address of 

A 

B 

C 

D 

A’ 

B’ 

C 

D' 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 
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TRANSFORM CHARACTERISTICS 


TYPICAL BUTTERFLY 

• 

16-Point (N = 16) 



• 

RADIX-4 

A 

^4 A' 

• 

DIT 



• 

Normally ordered output data 

B 

B' 


(Digit-reversed input data order) 



• 

In-place 



• 

Complex valued input data 





D 

•r^ D 




DFR00530 


FORWARD TRANSFORM 


INVERSE TRANSFORM 


A' = A + + DW^^ 


A' = A + BW"*^ + CW^k + 


B' = A - jBW*^ - 


B' = A + jBW" - CW"2k _ ]DW" 


C' = A - BW*^ + - DW^*^ 


C' = A - BW"*^ + CW"2k _ DW-^^ 


D' = A + jBW*^ - - jDW^*^ 


D' = A - jBW"*^ - CVr^^ + \DW-^^ 


w = e-i^ 


(N = 4) 



DFR00550 


DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

H 


Address of 

A 

B 

C 

D 

A’ 

B’ 

C 

D’ 

Wk 

W2k 

W3k 

AS = 

0 

1 

2 

3 

0 

1 

2 

3 

8 

9 

10 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-4 

• DIT 

• Normally ordered input and output data 
(Non-digit reversing) 

• Non-in-place 

• Complex valued input data 


FORWARD TRANSFORM 

A' = A + 

B' = A - jBW*^ - C\N^^ + \D\N^^ 
a = A- BW*^ + 

D' = A + 



DIT/DIF 

PSD 

RADIX 4/2 

H 

L 

H 


Address of 

A 

B 

C 

D 

A’ 

B' 

C’ 

D' 

Vyk 

W2k 

W3k 

AS = 

4 

5 

6 

7 

0 

1 

2 

3 

8 

9 

10 


TYPICAL BUTTERFLY 



A' = A + BW-*^ + CW~2k + Dvyp3k 
B' = A + iBW*^ - CW-2k - jDW^k 
C' = A - BW"*^ + CW“2k - OW-^^ 
D' = A - jBV\r- CW" + jDW^'^ 
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TRANSFORM CHARACTERISTICS 

• 16-Point (N = 16) 

• RADIX-2 

• Normally ordered output data 
(Unique input data order) 


• DIF 

• In-place 

• Real valued output data 

• Inverse Transform 


TYPICAL BUTTERFLIES 


KN2/KZ = LOW 
(k = 0) 



DFR00600 

A' = Re [A + jB + C - jD] 

B' = Im [A + jB + C - jD] 

C’ = Re [(A + jB - C + jD)Wft] 

D' = Im [(A + jB - C + jD)Wft] 

Wn = 


KNZ/KZ = HIGH 
(k = 0) 



A' = Re [A + jB + C ~ jD] 

B' = Re [{A + jB - C + jD)W|^] 
C — Im [A + jB + C — jD] 

D' = Im [(A + jB - C + jD)Wfc] 
Wn = ej^’^ 


DFR00610 




PSD RADIX 4/2 


Address of I A I B I C I D I A' I B' I C I D' I Wt^ 


12 13 14 15 12 13 14 15 8 
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TRANSFORM CHARACTERISTICS • Normally ordered input data 

• 16-Point (N = 16) (Unique output data order) 

• RADIX-2 • In-place 

• diT • Real Valued Input (RVI) data 

• Forward Transform 

TYPICAL BUTTERFLIES 


KNZ/KZ = LOW 
(k = 0) 



DFR00600 

A' = Re [A + jB + (C + jD)Wftl 

B' »Im [A + jB + (C + jD)wfa 

C = Re [A + jB - (C + jD)w(?|] 

D' = Im [-A - jB + (C - jD)Wfi] 


KNZ/KZ = HIGH 
(k^O) 



A’ = Re [A + jC + (B + jD)Wfe] 

B' = Im [A + jC + (B + jD)wfe] 

C = Re [A + jC - (B - jD)wfo 

D’ = lm [7 A - jC + (B + jD)W|^] 


(N = 8) (N = 4) 



DFR00490 


Address of 

A 

B 

C 

D 

A' 

B' 

C 

D’ 

w|5i 

AS = 

12 

13 

14 

15 

12 

13 

14 

15 

8 


DIT/DIF 

PSD 

RADIX 4/2 

H 

H 

L 
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High Performance Bus Interface Family 

David A. Laws and Peter AIfke 
Advanced Micro Devices, Inc., Sunnyvale, CA 


Standardizes Around Slim 24-Pin 
Package 

Most 1C designers tend to focus their attention on ever 
more complex VLSI solutions to improve the package 
count, cost, and reliability of microprocessor based sys¬ 
tems. In many cases, however, greater Impact could be 
achieved with much less effort by designing a more efficient 
bus interface. The last major innovation in this area was the 
advent of the popular 20-pin octal interface, which occurred 
not so coincidentally with the boom in 8-bit microprocessor 
sales. 

The Octal Explosion 

The 20-pin package was ideal for 8-bit interface elements 
as it allowed for eight input lines, eight output lines, two 
control inputs, power supply, and ground. Octal configura¬ 
tions of registers, latches and transceivers appeared in 
Schottky, low-power Schottky, and CMOS technologies 
from every major integrated circuit supplier, and as technol¬ 
ogy improved, a proliferation of polarity, pin rotation, high 
current drive, and low power options became available to 
meet every conceivable 8-bit need. 

However, as the designers' world became more complex. It 
became apparent that modular sizes larger than 8 bits were 
needed. For example, systems that use a parity check 
scheme need 9 bits for each byte, and if a clock line Is 
added, a 10-bit part is needed. The 10-bit part also fits 
nicely with the 20-bit addressing schemes used with many 
16-blt microprocessors. 

A 9- or 10-bit function previously required the one octal and 
one 4-bit part, which left the designer with two packages 
and potential problems. Clearly, the answer was a new 
approach. 

The 24-Pin Solution 

Two factors contributed to the 24-pin solution. First was the 
development of a more compact 24-pin package. Until 
recently the only package available for this pin count was a 
600-mil wide DIP. Now a slimline, 24-pin 300-mil wide 
package, called Thin-DIP by AMD, is entering production at 
a number of package manufacturers. Second, advanced 
Schottky technologies made it possible to pack increased 
functional complexity onto chips small enough to fit into the 
narrow cavities of these new packages. AMD calls its 
version of this process IMOX^*^, ^n acronym which means 
ion-implanted and oxide-isolated. 

The fabrication and packaging problems overcome, AMD 
proceeded to define a complete family of functions from the 
ground up. While the previous 20-pin octal interface de¬ 
vices had been a great improvement over their predeces¬ 
sors, the piecemeal approach to their conception had led to 
a bewildering array of inconsistent configurations. So be¬ 
fore starting design on any one device, AMD applications 
engineers looked at all the essential interface functions 
required by a system. The result is the new Am29800 
series. 

The Am29800 Family Includes registers, latches, buffers, 
and transceivers; most functions are supplied in 8- or 9- 


and 10-bit wide configurations. De facto standards have 
determined that most systems are noninverting internally, 
while most bus configurations are inverting. To meet ail 
these needs, both Inverting and noninverting versions of 
the Am29800 devices are available to the designer. 

Now that two-layer metal interconnect is an established 
manufacturing process, it is possible to give careful consid¬ 
eration to the physical location of input and output pins. All 
inputs on the new Am29800 Family have been placed on 
one side of the package with corresponding outputs on the 
other, so data can flow in a direct physical path from the 
microprocessor CPU through the Interface unit and onto 
the bus. This permits a much cleaner board layout. In 
addition, power supply, ground, and control function pins 
are always in the same position. 

AMD also decided to standardize pinouts between logic 
functions. For example, all 10-bit elements, i.e., latches, 
registers, or transceivers, have the same input and output 
pin assignment, as do all 9- and 8-bit devices. 

Electrical Performance 

For many years, TTL devices, such as the 'S240 series, 
employed PNP inputs to achieve very low input current 
characteristics. Unfortunately, while the DC input current is 
indeed low, the dynamic performance of the device is 
severely downgraded because of the large capacitance 
associated with the PNPs. The Am29800 devices were 
designed with low capacitance loading at the inputs and 
outputs. 

Most 1C data sheets specify AC performance at 15pF test 
conditions only. While this is adequate for general purpose 
logic applications, a realistic bus structure will typically see 
much higher loading, and all Am29800 series devices are 
designed to provide optimum performance under more 
realistic system conditions. Specified sink currents of 48mA 
over the commercial temperature operating range (0 to 
70®C) and 32mA over the military temperature range (- 55 
to + 125®C) ensure adequate capacitance drive and fan¬ 
out for bus systems. And since drivers must charge load 
capacitance in both falling and rising directions, source 
current is also fully characterized at both 2.0 and 2.4V. 

Critical AC specifications such as propagation delays and 
disable times for the three-state outputs are specified for 
300pF load conditions both at 25®C and over the full 
operating temperature range and power supply tolerance; 
specific delays depend on the function being considered. 
Typical values for a D-type register at 50pF are 6 to 7ns, 
comparable to those achieved with AS or FAST devices 
under the same conditions and an improvement over higher 
power Schottky products. At 350pF, loading delays in¬ 
crease to the 12 to 14ns range. Simple buffers and 
inverters exhibit typical values of 4ns. 

Registers 

The Am29821-26 Bus Interface Registers are specifically 
designed to provide extra width for wide address or data 
paths and buses carrying parity. 


IMOX is a trademark of Advanced Micro Devices, Inc. 05405A 
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The Am29821 is a 10-bit wide version of the popular '374 8-bit 
register. It has ten inputs, ten outputs, common buffered clock 
enable and three status Output Enable lines. The inverting 
version, Am29822, is comparable with the '534 8-bit device. 

The 9-blt registers, Am29823 and Am 29824, give up on e bit to 
gain two additional control lines which are used for Clock 
Enable (EN), and Clear (CLR). This combines '273, '374 and 
'377 functions in one single package. The extra pins available 
on the 8-bit parts, Am29825 and Am29826, provide gate 
output enable capability, which eliminates the need for exter¬ 
nal gate packages when used in DMA or Multibus* control 
applications. The Am29825 can also be used to implement 
high source/sink drive on the data port for the AmZ8000** or 
8086 16-bit CPUs. The registers can be controlled from WR 
and CS, can be cleared and can be disabled for DMA 
operations. The two 24-pin parts replace four of the earlier 
octal devices plus one gate package, and system perfor¬ 
mance is improved up to three or four times because of the 
reduced number of gate delays and shorter wiring traces. 

Other Functions 

other functions In the Am29800 Family include latches, 
buffers and transceivers, comparators, and special parity 
transceivers. 

The Am29841 through Am29846 latches follow the pattern as 
the registers. The 10-bit device is similar in function to the 
popular 'S373 octal latch; control lines available are latch 
enable (LE) and three-state output enable (OE). The nonin¬ 
verting device is analogous to the '533 element. The 9-blt 
latches add preset (PRE) and clear (CLR) and the 8-blt options 
have added gated output enable controls. 

Buffers and inverters, Am29827 and Am29828, are 10-blt wide 
high performance versions of the '240 and '244 devices, while 
the transceivers emulate the '245 and 8304B octal elements. 
For improved operation in a noisy bus environment, all data 
inputs have 200mV minimum input hysteresis. 

The Metastable Problem 

One problem faced by designers is the interfacing of asyn¬ 
chronous digital signals. Although most difficulties can be 
overcome somewhat easily, there is also a more fundamental 
problem that defies a perfect solution. The following is a 
general overview of the metastable problem. 

Latches and flip-flops are normally considered bistable de¬ 
vices, since they have two unconditionally stable operating 
points, either HIGH or LOW. There is, however, a third 
operating point when the cross-coupled arrangement is exact¬ 
ly balanced. This operating point is stable only if there is no 
noise in the system and the system is perfectly balanced. The 
condition is called metastable (meta = Greek for "between"). 
A metastable condition will last only long enough for the circuit 
to fall into one of the two stable operating points. This time can 
be many microseconds, even milliseconds, for devices as fast 
as a 74S74 flip-flop. In other words. If a flip-flop has reached 
the balanced, metastable condition, it may remain in this state 
for an undetermined time, perhaps 1000 times longer than its 
normal response speed. 

When Does This Cause A Problem? 

In almost every digital system certain asynchronous events 
(key-strokes, incoming data, interrupts), must be synchronized 
to the computer clock. The textbook solution is a fast, clocked 
flip-flop, like the 74S74, in which the asynchronous signal is 
applied to the D Input and clocked with the system clock. This 
results in a perfectly synchronized output (usually). 


Let's analyze the timing more carefully: the data sheet 
specified a setup time requirement (for this device, ts = 3ns). 
This means that any signal that arrives at least 3ns before the 
clock edge will achieve the intended result, i.e., an H will set, 
an L will reset the flip-flop. Great for synchronous systems. But 
what happens when the asynchronous input violates this 
setup time requirement and changes less than 3ns before the 
clock edge? Well, most of the time, nothing. The actual 
moment where the flip-flop samples the D input is somewhere 
in the guaranteed range, i.e., somewhere less than 3ns before 
the clock. So the flip-flop makes the decision. It either senses 
the change on the asynchronous input and therefore changes 
Its Q output, or it ignores the change and doesn't change the 
Q output. So the only thing lost is one clock cycle. Unfortu¬ 
nately, that’s not always true. 

"Going metastable" here means that the synchronizer output 
is within a mid-level or oscillation range for an unpredictable 
time. Most occurrences will last less than 50ns, but may 
occasionally last much longer — perhaps many microseconds. 
This certainly can upset the timing chain. 

A metastable latch or flip-flop has an unpredictable delay and 
will therefore change its output at a time that differs from the 
value obtained from the worst case timing analysis. In a slow 
system this usually doesn't matter, but in a fast system it can 
lead to a "crash." 

In Conclusion: 

The Am29800 Family registers provide an additional bonus; 
they recover extremely fast from a metastable condition. 

The metastable condition occurs in ail flip-flops any time the 
active clock edge interrogates the Input at exactly the same 
time the input changes state. When this happens, the cross 
coupled latch at the output can reach a balanced, symmetrical 
condition which it will hold for some microseconds or even 
milliseconds before returning to its proper state. Previously, 
the designer of an asynchronous system had only one remedy 
for the metastable problem. Two or even three synchronizer 
flip-flops could be cascaded. This reduced probability of a 
metastable output but increased throughput delay. 

The Am29800 registers, while not totally Immune to this 
problem, are "metastable hardened" by means of a unique 
circuit design that reduces both the probability and the delay 
of any metastable condition under test. Artificially induced, a 
metastable condition failed to produce any output oscillations 
and increased the clock-to-input delay by a mere 6ns. This is 
an Improvement of many orders of magnitude over previously 
available designs. 

It is Now Necessary to Look Beyond the 
Data Sheet 

If the D Input changes exactly at the same moment that the 
flip-flop makes its decision, it might transfer exactly the 
amount of energy to kick the output latch into the metastable 
balanced condition, from which it will recover after an unpre¬ 
dictable delay (measured in nanoseconds, microseconds or 
even milliseconds). 

In other words: any latch, flip-flop, or register has a "moment 
of truth" somewhere inside the guaranteed range of setup 
time where it actually makes up its mind, and if the Input 
changes at that very moment, the output is no longer 
synchronous. This "moment of truth" Is a very short window. 
For TTL flip-flops it is of the order of 10ps; for MOS devices it 
is more like 50ps to lOOps. For purposes of this discussion this 
timing window will be called "t." 

How often does this happen? 


*Multibus is a registered trademark of Intel Corporation. 

**Z8000 is a trademark of Zilog, Inc. 
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Here are two extreme examples. In each case there is a need 
to synchronize asynchronous inputs that have no phase or 
frequency relationship with the computer ciock. 

• Date signal derived from a disk, roughly 6MHz with enough 
frequency modulation and jitter to make it totally asynchro¬ 
nous to the 10MHz computer clock. How often will the TTL 
synchronizer go metastable? 

The answer is: every time the Data Signal falls into the 
"window." The probability of hitting the window is t divided 
by the ciock period, or even simpler: clock frequency times t. 

M = Metastable Rate = fo * ^c * * 

fD = Device Frequency = 6MHz • 10MHz • 10ps = 600Hz 

fc = Clock Frequency 

The synchronizer goes metastable 600 times per 
second. 

• Keyboard entry: one keystroke per second synchronized 
with a tOOKHz clock. 

M = Metastable Rate = 1Hz • 10®Hz • 10ps = 10-«Hz 

The synchronizer goes metastable with a statistical probability 
of once per 10^ sec, i.e., once every six weeks (assuming 5 
eight-hour days/week). 

29800 Design Guidelines 

The 29800 Family offers short delay and setup times, high 
drive capability (fan-out), and iow input capacitance—attrac¬ 
tive features for modern high performance TTL systems. 

As in any high speed bus interface ('S240 series, FAST or 
Advanced Schottky), high edge rates and high drive capability 
mean that a certain amount of care must be exercised in the 
design of both signal paths and the grounding system. Since 
every data path is really a transmission line, the relationships 
between loading, termination, noise margins and ringing must 
be given more than cursory consideration. 


Similarly, the grounding network may require either heavier 
busing or a grid approach depending on the number of drivers 
in a given area. 48mA per bit, plus the AC impact of charging 
bus lines can cause large ground currents. Distributed supply 
decoupling is required to provide local charging current for bus 
drive. 

Here are some general suggestions to minimize the potential 
for system induced grounding and noise problems. These 
suggestions, in conjunction with the designer's own practical 
experience handling similar problems with high performance 
S, AS or FAST logic families, will result In an optimum 
Am29800 design. 

• Minimize Crosstalk 

Provide Tight Ground 

- Use topside links to create a ground "grid" 

- In multi-layer boards, use a ground plane 

- In flat cables, make every other wire a ground 

- Minimize spacing between signal lines and ground 

- Maximize spacing between signal lines 

For backplane or wire-wrap systems, use a twisted pair for 
sensitive functions - clock, asynchronous set/clear lines. 

Use of 4 layer boards Is recommended. 

• increase Decoupling 

Distribute System Capacitance 

- Provide one bypass cap close to each buffer package 

- Provide one bypass cap for every two logic pack¬ 
ages 

Use High Frequency Capacitors 

- Take care in the selection of decoupling capacitor 
materials. Good choices include high frequency tanta¬ 
lum and ceramic types. 

- Do not use low frequency capacitors or aluminum 
electrolytics 

• Be Sure Ail Lines Are Terminated 
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Am29806/Am29809 


Am29806/Am29809 

6-Bit Chip Select Decoder 
9-Bit Equal-to-Comparator 


DISTINCTIVE CHARACTERISTICS 


• High-speed, expandable, 9-bit "equal-to” comparator 
(Am29809) 

• High-speed comparator with chip select decoder 
(Am29806) 


• Multibus^*^ compatible, open-collector acknowledge 
output 

• Internal pull-up resistors on all B inputs 

• Acknowledge timing control input 

• Fully TTL-compatible inputs and outputs 


GENERAL DESCRIPTION 


Am29809 9-Bit Comparator 

The Am29809 is a 9-bit "equal-to” comparator. Its combi¬ 
natorial, active LOW output, EouT. respond^to the combi¬ 
nation of a LOW input on the enable input G and a match 
between input words A and B. 

Am29806 Chip Seiect Decoder 

The Am29806 combines a 6-bit "equal-to" comparator with 
a 2- to 4-line decoder to select one-of-four active LOW chip 
select outputs. The selected output becomes active in 
response to the seiect inputs Sq, Si and is enabled by an 
active LOW input on the enable input G and a match 
between comparat or inpu ts A and B. The active LOW 
output, Any Enable (ANYE), responds to a valid comparison 


of A and B and is intended for use as an output enable 
control for data path buffers associated with the selected 
peripheral or board. 

Both devices have open collector, active LOW acknowl¬ 
edge outputs with a conditional timing input D that may be 
driven by a timing circuit or wait state generator. The 
^knowledge c^tput responds to a valid comparison, 
G = LOW and C = LOW. 

Both devices have internal pull-up resistors on the compar¬ 
ator B-inputs for easy connection to SPST switches to 
ground selected input lines. The comparator function is 

desc^bed by : _____ 

EqUT = (Ao © Bo) (Ai • Bi) (Aa * Ba) ... (Aj © Bj) G 


BLOCK DIAGRAM 


Am29806 (6-Bit) 



Ani29806 (9-Bit) 



Multibus is a trademark of Intel Corporation. 03424B 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 


D-24-SL1M 


GC 

T* 24 

□ Vcc 

AoC 

7 33 

□ Bo 

AiC 

3 23 

□ Bt 

AjC 

4 31 

□ Bj 

AaC 

s ^ M 

□ 83 

A 4 C 

‘ § - 

□ B 4 

AsC 


□ Bs 

SoC 

t ^ tr 

□ Bo 

SiC 

» .6 

□ E, 

cc 

10 15 

□ Ej 

ACK C 

1. M 

□B 3 

GND (Z 

12 13 

□ ANYE 


CD001460 


L-28-1 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 

Am29806 


METALLIZATION AND PAD LAYOUT 

Am29806 




Eo 

Ei 

E2 

E3 


ANYE 


DIE SIZE:.066" x .098" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29806 


C B 

Valid Combinations 

1—Screening Option 


DC, DCB, DM, 

Blank - Standard processing 

Am29806 

DMB 

B - Burn-in 

Am29809 

LC, LM, LMB 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0°C to +70®C) 

M - Military (-55X to +125X) 

— Package 

D-24-pin ceramic SLIMDIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 

X- Dice 

Valid Combinations 


Device type 

Am29806 - 6-Bit Chip Select Decoder 
Am29809 - 9-Bit Equal-to-Comparator 


Consult the AMD sales office In your area to 
determine If a device is currently available In the 
combination you wish. 
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CONNECTION DIAGRAM 
Top View 


D-24-SLIM 


L-28-1 



< 


CD001470 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 

Am29809 


4 Aj Ag Aj Ag Bq B2 B3 B4 Bg Bg B7 Bg 


Eout ACK 

■T~ T 


LS000500 


METALLIZATION AND PAD LAYOUT 

Am29809 



DIE SIZE:.066" x .98" 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Ai. Bi 

1 

Comparator data inputs. Each Aj is compared with each Bj on a bit basis. The comparator output is 
valid when all Aj bits match all Bj bits. 

11 

aCk 

o 

Active LOW open collector acknowledge output. This output acknowledges memory of I/O transfers 
when A and B match and C and G are LOW. 

13 

ANYE 

(Am29806) 

o 

Active LOW output. Any Enable (ANYE) is LOW when G = LOW and there is a match between A and 

B. 

10 

C 

1 

Active LOW input. This input is used to control when ACK is active. It will normally be connected to 
GND when no wait states or timing delays need to be inserted. It may be connected to a wait state 
generator or timer. 

13 

Eout 

(Am29809) 

0 

Active LOW output. The comparator output is active for G = LOW and a match between A and B. 

1 

G 

1 

Active LOW input. The comparator’s input enable determines if the comparator's output is valid. G is 
normally used as an expansion input (connected to Am29809 Equt)- 


Am29806 Only 


9,8 

Si, So 

I 

Decoder select inputs. These Inputs are decoded to produce a 1-of-4 selection of the E; outputs. 

17-14 

ml ml 
9 

ml ml 

O 

Active LOW outputs. 1-of-4 outputs Is active as selected by Si and Sq. 


FUNCTION TABLES 

COMPARATOR FUNCTION TABLE ACKNOWLEDGE FUNCTION TABLE 


ANYE or EquT 

C 

ACK 

H 

X 

H* 

X 

H 

H* 

L 

L 

L 


* Assumes pull-up resistor. 


G 

A B 

EouT or ANYE 

H 

X X 

H 

L 

A = B 

L 

A^B 

H 


DECODER FUNCTION TABLE (Am29806) 



Si 

So 

Eo 


Ei 

E3 

ANYE 

H 

X 

X 

H 

H 

H 

H 


L 

L 

L 

H 

H 

H 


L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 


H 

H 

H 

H 

H 

L 
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60863UIW90863UJV 


TYPICAL APPLICATION 

MICROPROCESSOR ENABLE CONTROLLED, SELECTABLE, ADDRESS DECODER 



AF000330 


MAX ENABLE (HIGH - to - LOW) DELAY OVER 15 BITS 

(Commercial Range) 


tPHL 

A, or B| to EouT 

13 

tPHL 

G to ANYE 

11 

Total 

24 
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TYPICAL APPLICATION 
ADDRESS DECODING 

Am29806 Decodes and Enables 1 of 4 Banks of Memory 
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Am29806/Am29809 


ABSOLUTE MAXtMUM RATINGS OPERATING RANGES 

storage Temperature. . .-65®C to +150X Commercial (C) Devices 

Ambient Temperature with Temperature.OX to +70X 

Power Applied. .-55X to +125X Supply Voltage.+4.5V to +5.5V 

Supply Voltage to Ground .. .-0.5V to + 7.0V Military'(M) Devices 

^ w Temperature.....-55“C to+125“C 

. Supply Voltage.... .+4.5V to +5.5V 

.^ Operating ranges define those limits over which the function- 

^ Output Current, into Outputs. . .. 30mA / guaranteed. 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 



VOH 

Output HIGH Voltage 
(Note 2) 

Vcc = min, 

V|N “ V|H or V|L 


•oh = -3.0mA 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N = V|H or V|L 


ACK loL = 32mA 



0.5 

Volts 

All Others Iql = .24mA 

V|H 

Input HIGH Level 

Guaranteed Input Logical HIGH 

Voltage for All Inputs 


2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input Logical LOW 

Voltage for All Inputs 




0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “ min, l||sj = -18mA 




-1.2 

Volts 

l|L 

Input LOW Current 

Vcc “ MAX, V|n = 0.5V 

Aj 



-0.6 

mA 

Bi 



-1.0 

All Others 



-0.6 

l|H 

Input HIGH Current 

Vcc = max, V|n * 2.4V 

Ai 



20 

ma 

Bj (Note 4) 



-250 

All Others 



20 

l| 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 

Aj 



0.1 

m 

Bi 



0.1 

All Others 



0.1 

isc 

Output Short Circuit 
Current (Note 3) 

Vcc = MAX 


-60 



BB 

icc 

Power Supply Current 

Vcc = max 

0 to 70X 


35 

50 

Q 

+ 70X 



45 

-55 to +125X 


35 

50 

+ 125X 



40 

Notes: 1. Typical limits are Ta = 25°C Vcc = 5 0V 

2. Except one-collector acknowledge output. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Due to internal pull-up resistor; 27V.Q. nominal. 
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SWITCHING TEST CIRCUIT 


Normal Output 


Open-Collector Output 

7.0V 




Note: Cl includes scope probe, wiring and stray capacitances without device in test fixture. 

Figure 2. 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 



Description 


Aj or Bj to Ej and ANYE 
Q to Ej and ANYE 
Aj or Bj to ACK 
C to WK 
S to ACK 


Test Conditions (See Figure 2) 


Cl = 50pF 
Rl = 1kn 


Cl = 50pF 
Rl = 375^ 


Min Typ 





Cl = 50pf 

Sj to Ej 

RL = 1kn 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
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Am29818 

SSPJ^ DiagnostIcs/WCS Pipeline Register 


DISTINCTIVE CHARACTERISTICS 


• High-speed noninverting 8-bit parallel register for any 
data path or pipelining application 

• WCS (Writable Control Store) pipeline register 

- Load WCS from serial register 

- Read WCS via serial scan 

• Alternate sourced as SN54/74S818 


• High-speed 8-bit "shadow register" with serial shift 
mode for Serial Shadow Register (SSR) Diagnostics 

- Controllability: serial scan in new machine state 

- Observability: serial scan out diagnostics routine re¬ 
sults 


GENERAL DESCRIPTION 


The Am29818 is a high-speed, general-purpose pipeline 
register with an on-board shadow register for performing 
Serial Shadow Register (SSR) Diagnostics and/or Writable 
Control Store loading. 

The D-to-Y path provides an 8-blt parallel data path pipeline 
register for normal system operation. The shadow register 
can load parallel data to or from the pipeline register and 
can output data through the D input port (as In WCS 
loading). 

The 8-bit shadow register has multiplexer inputs that select 
parallel inputs from the Y-port or adjacent bits in the 


shadow register to operate as a right-shift-only shift regis¬ 
ter. This register can then participate in a serial loop 
throughout the system where normal data, address, status 
and control registers are replaced with Am29818 Diagnos¬ 
tic Pipeline Registers. The loop can be used to scan in a 
complete test routine starting point (data, address, etc.). 
Then after a specified number of clock cycles, the data 
clocked out can be compared to the expected results. WCS 
loading can be accomplished using the same technique. An 
instruction word can be serially shifted into the shadow 
register and written Into the WCS RAM by enabling the D 
output. 


BLOCK DIAGRAM 



BD001020 


IMOX and SSR are trademarks of Advanced Micro Devices, Inc. 
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Am29818 


D-24-SUM 


CONNECTION DIAGRAM 
Top View 

CHIP PAK™ 
L-28-1 


OEY 
DCLK 

Do 

D, 

O2 

D3 
O 4 

O 5 
06 
O 7 

SOI 
GNO 

CD001100 



cf i 8 g ^ i 



METALLIZATION AND PAD LAYOUT 

Am29818 



DIE SIZE: .105 x .124 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29818 


C B 

Valid Combinations 

■— Screening Option 


DC, DCB, DM, 

Blank - Standard processing 


DMB 

B - Burn-in 

Am29818 

LC, LCB, LM, 

— Temperature (See Operating Range) 


LMB 

C -Commercial (0°C to +70®C) 


XC, XM 


M - Military (-55X to +125X) 


■—Package 

D-24-pin SLIMDIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 

Device type 

SSR^^ Diagnostics/WCS Pipeline Register 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


Chip Pak is a trademark of Advanced Micro Devices, Inc. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

10-3 

D 7 -D 0 

I 

Parallel data input to the pipeline register or parallel data output from the shadow register (see Function Table for 
control modes). 

2 

DCLK 

I 

Diagnostics/WCS clock for loading shadow register (serial or parallel modes-see Function Table). 

23 

MODE 

I 

Control input for pipeline register multiplexer and shadow register control (see Function Table). 

1 

OEY 

I 

Active LOW output enable for Y - port. 

13 

PCLK 

I 

Pipeline register clock input loads D-port or shadow register contents on LOW-to-HIGH transition. 

11 

SDI 

I 

Serial Data Input to shadow register. (See Function Table.) 

14 

SDO 

0 

Serial Data Output from shadow register. 

15-22 

Y 7 -Y 0 

0 

Data Outputs from the pipeline register and parallel inputs to the shadow register. 


Am29818 FUNCTION TABLE DESCRIPTION 

Data transfers into the shadow register occur on the LOW-to- 
HIGH transition of DCLK. MODE and SDI determines what 
data source will be loaded. The pipeline register is loaded on 
the LOW-to-HIGH transition of PCLK. MODE selects whether 


the data source is the data input or the shadow register output. 
Because of the independence of the clock inputs data can be 
shifted in the shadow register via DCLK and loaded into the 
pipeline register from the data Input via PCLK simultaneously. 
As long as no set-up or hold times are violated, this simulta¬ 
neous operation is legal. 


Inputs 

Outputs 

Operation 

SDI 

MODE 

DCLK 

PCLK 

SDO 

Shadow 

Register 

Pipeline 

Register 

X 

L 

T 

X 

S 7 

Si^Sj_i 

So-SDI 

NA 

Serial Shift; D 7 - Dq Disabled 

X 

L 

X 

T 

S 7 

NA 

Pi-Dj 

Normal Load Pipeline Register 

L 

H 

T 

X 

L 

Si-Yi 

NA 

Load Shadow Register from Y; D 7 -D 0 Disabled 

X 

H 

X 

T 

SDI 

NA 

Pi-Si 

Load Pipeline Register from Shadow Register 

H 

H 

T 

X 

H 

Hold* 

NA 

Hold Shadow Register; S 7 -D 0 Enabled* 


‘Although not shown, Hold is implemented by gating DCLK internally. 


FUNCTION TABLE DEFINITIONS 

INPUTS OUTPUTS 


H = HIGH 
L = LOW 
X = Don’t Care 
T = LOW-to-HIGH transition 


S 7 -S 0 = Shadow Register outputs 
P 7 -P 0 = Pipeline Register outputs 
D 7 -D 0 = Data I/O port 
Y 7 -Y 0 = Y I/O port 

NA = Not applicable output is not a function of the 
specified input combinations. 


BLOCK DIAGRAM 



BD001020 


SHADOW REGISTER 



DF00006I 
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AN INTRODUCTION TO SERIAL SHADOW 
REGISTER (SSR) DIAGNOSTICS 

DIAGNOSTICS 

A diagnostics capability provides the necessary functionality 
as well as a systematic method for detecting and pin-pointing 
hardware-related failures in a system. This capability must be 
able to both observe Intermediate test points and control 
intermediate signals - address, data, control and status - to 
exercise ail portions of the system under test. These two 
capabilities - observability and controllability - provide the 
ability to establish a desired set of input conditions and state 
register values, sample the necessary outputs, and determine 
whether the system is functioning correctly. 

TESTING COMBINATIONAL 
AND SEQUENTIAL NETWORKS 

The problem of testing a combinational logic network Is well 
understood (Figure 1). Sets of input signals (test vectors) are 
applied to the network and the network outputs are compared 
to the set of computed outputs (result vectors). In some cases 
sets of test vectors and result vectors can be generated in a 
computer-aided environment, minimizing engineering effort. 
Additionally, fault coverage analysis can be automated to 
provide a measure of how efficient a set of test vectors is at 
pin-pointing hardware failures. For example, a popular mea¬ 
sure of fault coverage computes the percentage of stuck-at- 
ones (nodes with outputs always HIGH) and stuck-at-zeros 
(nodes with outputs always LOW) a given set at test vectors 
will discover. 

Figure 1. 


COMBINATORIAL 

LOGIC 


SERIAL SHADOW REGISTER DIAGNOSTICS 

Serial Shadow Register diagnostics provides sufficient observ¬ 
ability and controllability to turn any sequential network Into a 
combinational network. This is accomplished by providing the 
means to both initialize (control) and sample (observe) the 
state elements of a sequential network. Figure 3 shows the 
method by which serial shadow register diagnostics accom¬ 
plishes these two functions. 

Figure 3. 



Serial Shadow Register diagnostics utilizes an extra multiplex¬ 
er on the input of each state register and a duplicate or 
shadow of each state flip/flop in an additional register. The 
shadow register can be loaded serially via the serial data input 
(thus the name Serial Shadow Register diagnostics) for 
controllability. Once the desired state information is loaded 
into the serial register it can be transferred into the Internal 
state register by selecting the multiplexer and clocking the 
state register with pLCK. This allows any internal state to be 
set to a desired state in a simple, quick, and systematic 
manner. 


A sequential network (Figure 2) is much more difficult to test 
systematically. The outputs of a sequential network depend 
not only on the present inputs but also on the internal state of 
the network. Initializing the Internal state register to the value 
necessary to test a given set of inputs is difficult at best, and 
not easily automated. Additionally, observing the internal state 
of a sequential network can be very difficult and time 
consuming if the state information is not directly available. For 
example, consider the problem of determining the value of an 
internal 16-bit counter if only a carry-out signal is available. 
The counter must be clocked, until it reaches the carry-out 
state and the starting value computed. Up to 65,535 clock 
cycles may be necessary! An easier method must exist. Serial 
Shadow Register diagnostics provides this method. 

Figure 2. 



Internal state information can be sampled by loading the serial 
register from the state register outputs. This state information 
can then be shifted out via the serial data output to provide 
observability. Notice that the serial data inputs and outputs 
can be cascaded to make long chains of state information 
available on a minimum number of connections. 

In effect. Serial Shadow Register diagnostics breaks the 
normal feedback path of the sequential network and estab¬ 
lishes a logical path with which inputs can be defined and 
outputs sampled (Figure 4). This means that those techniques 
which have been developed to test combinational networks 
can be applied to any sequential network in which Serial 
Shadow Register diagnostics is utilized. 

Figure 4. 
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A TYPICAL COMPUTER ARCHITECTURE WITH 
SSR DIAGNOSTICS 

When normal pipeline registers are replaced by SSR diagnos¬ 
tics pipeline registers system debug and diagnostics are easily 
implemented. State Information which was inaccessible is now 
both observable and controllable. Figure 5 shows a typical 
computer system using the Am29818. 

Serial paths have been added to all the Important state 
registers (macro instruction, data, status, address, and micro 
instruction registers). This extra path will make It easier to 
diagnose system failures by breaking the feed-back paths and 
turning sequential state machines into combinatorial logic 


blocks. For example, the status outputs of the ALU may be 
checked by loading the micro instruction register with the 
necessary micro instruction. The desired ALU function is then 
executed and the status outputs captured in the status 
register. The status bits can then be serially shifted out and 
checked for validity. 

A single diagnostic loop was shown in Figure 5 for simplicity, 
but several loops can be employed in more complicated 
systems to reduce scan time. Additionally, the Am29818s can 
be used to sample intermediate test points not associated with 
normal state Information. These additional test points can 
further ease diagnostics, testability and debug. 


Figure 5. Typical System Configuration 



SSR OIAGNOSTICS/WCS PIPELINE REGISTERS 
REPLACE NORMAL REGISTERS WITH OlAGNOSTiCS LOOP 


DF000030 


USE OF THE Am29818 PIPELINE REGISTER IN 
WRITABLE CONTROL STORE (WCS) DESIGNS 

The Am29818 SSR diagnostics/WCS Pipeline Register was 
designed specifically to support writable control store designs. 
In the past, designers of WCS based systems needed to use 
an excessive amount of support circuitry to implement a WCS. 
As shown In Figure 7, additional input and output buffers are 
necessary to provide paths from the parallel input data bus to 
the memory, and from the instruction register to the output 
data bus. The input port is necessary to write data to the 
control store, initializing the micromemory. The output port 
provides the access to the instruction register, indirectly 
allowing the RAM to be read. Additionally, access to the 
instruction register is useful during system debugging and 
system diagnostics. 


The Am29818 supports all of the above operations (and more) 
without any support circuitry. Figure 6 shows a typical WCS 
design with the Am29818. Access to memory is now possible 
over the serial diagnostics port. The instruction register 
contents may be read by serially shifting the information out on 
the diagnostics port. Additionally, the instruction register may 
be written from the serial port via the shadow register. This 
simplifies system debug and diagnostics operations consider¬ 
ably. 

CONCLUSION 

Serial Shadow Register diagnostics provides the observability 
and controllability necessary to take any sequential network 
and turn it Into a combinational network. This provides a 
method for pin-pointing digital system hardware failures In a 
systematic and well-understood fashion. 
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Am29818 


SERIAL 
DATA INPUT 


Figure 6. Am29818 Based WCS Application. 

MICROPROGRAM ADDRESS 



SERIAL 
DATA OUTPUT 


MICROINSTRUCTION OUTPUTS 


Figure 7. WCS Application without Am29818s. 



MICROINSTRUCTION OUTPUTS 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65®C to +150X Commercial (C) Devices 

Ambient Temperature with Temperature.0®C to +70®C 

Power Applied.-55®C to +125®C Supply Voltage.+ 4.75V to + 5.25V 

Supply voltage to Ground Potential Militaiy (M) Devices 

Continuous ...... . 0.5V to + 7.0V Temperature.- 55°C to +125°C 

DC Voltage Applied to Outputs ...^ 55 ^ 

r»r 1 ? \y ^ n c\/°t ^ Operating ranges define those limits over which the function- 

DC hput Vdtage ... .-0.5V to +5.5V J guaranteed. 

DC Output Current, into Outputs.25mA ^ 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 





Parameters 

Description 

Test Conditions (Note i) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ M'N. 

V|N = VlH or V|L 

Yo-Yy: loH = -3niA 

Do - Dy, SDO: Iqh “ " 1 ^^^A 

2.4 



Volts 

VoL 

Output LOW Voltage 

Vcc = min, 

V|N“V|h or V|l 

Yo-Yy; loL“15mA (Mil) 24mA (Comm) 

Do - Dy, SDO; Iql “ 4mA (Mil), 8mA 
(Comm) 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed Input Logical HIGH Voltage for all Inputs 


2.0 



V|L 

Input LOW Level 

Guaranteed Input Logical LOW Voltage for all Inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, 

lirsj = -18mA 




-1.2 

Volts 




PCLK 



-2.0 


l|L 

Input LOW Current 

Vcc * max, Vin = o.sv 

DCLK 



-0.6 

mA 

MODE, SDI, OEY 



-.45 




Yo-Yy. Do-Dy 



-0.45 


l|H 

Input HIGH Current 

Vcc =* max, V|n “ 2.4V 

DCLK, OEY, MODE, SDI 



50 

pA 

PCLK, Yo-Yy, Do-Dy 



100 

l| 

Input HIGH Current 

Vcc “ max, V|n = 5.5V 




1.0 

mA 

lo 

Off-State 
(High-Impedance) 
Output Current 

Vcc “MAX 

Vo = 0.5V 



-450 

mA 

Vo “ 2.4V 



100 

isc 

Output Short Circuit 
Current (Note 3) 

Vcc = max 

•< 

o 

1 

-30 


-100 

mA 

Do-Dy, SDO 

-15 


-50 




0 to -f- 70X 


120 

155 


icc 

Power Supply Current 
(Note 4) 

Vcc “ max 

+ 70X 



140 

mA 

-55 to +125^0 


120 

165 




+ 125X 



130 


Notes: 

r 

C 

4 

. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

. Typical limits are TA = 25‘’C Vcc “ 5.0V. 

. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

. All three-state outputs are in the HIGH impedance state. 
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SWITCHING TEST CIRCUIT 


SDO OUTPUT 


THREE-STATE OUTPUTS 


FROM OUTPUT 
UNDER TEST 



FROM OUTPUT __ 
UNDER TEST 

Cl includes 

PROBE AND JIG 
CAPACITANCE 




ALL DIODES 
" 1N916 0R 
" 1N3064 



Ri 

R2 

Y 0 -Y 7 

1K 

280 

D 0 -D 7 

5K 

2K 


Note 1. Cl = 50pF includes scope probe, wiring and stray capacitances without device in test fixture. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 


Description 


PCLK^Yx _ 

MODE^SDO _ 

SDUSDO __ 

DCLK-.SDO _ 

Dx-^PCLK _ 

MODE-.POLK _ 

Yx-.DCLK __ 

MODE-.DCLK 

SDUDCLK _ 

DCLK-PCLK _ 

DCLK-.DCLK _ 

Dx-^PCLK _ 

MODE-POLK __ 

Yx-.DCLK _ 

MODE^DCLK _ 

SDUDCLK 

OEY^Yx _ 

DCLK-.Dx _ , 

QEY^Yx _ 

DCLK^Dx __ 

^-^Yx _ 

DCLK-^Dx _^ 

QEY-^Yx _ 

DCLK^Dx _ 

PCLK (HIGH and LOW) 
DCLK (HIGH and LOW) 


COMMERCIAL | MILITARY 
Test Conditions Min I Max 


See Test 
Output Load 
Conditions 


‘AC performance over the operating range is guaranteed by testing defined in Group A, Subgroup 9. 
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SWITCHING CHARACTERISTICS {Ja-+25^C, Vcc = 5.0V) 


Parameters 


Description 


Test Conditions 


MODE^PCLK 


MODE-DCLK 


DCLK^DCLK 


MODE^PCLK 


MODE^DCLK 

SDUDCLK 

QEY-.Yx 

DCLK^Dx 

SEY^Yx 


See Test 
Output Load 
Conditions 


PCLK (HIGH and LOW) 
DCLK (HIGH and LOW) 



SWITCHING WAVEFORMS 


SET UP, HOLD, AND RELEASE TIMES 


ENABLE AND DISABLE TIMES 


-ov 

WF001460 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 


CONTROL _ 
INPUT 


OUTPUT 
NORMALLY LOW 



OUTPUT 

NORMALLY HIGH OPEn7 



0,5V 

WF001290 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input control Disable-HIGH. 

2 . Si and S 2 of load circuit are closed except 
where shown. 


Note: 1. Pulse Generator for All Pulses: Rate < 1 .OMHz; Z© = 5012; V < 2.5ns; tf < 2.5ns. 
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SWITCHING WAVEFORMS 


PULSE WIDTH 


PROPAGATION DELAY 


LOW HIGH LOW 
PULSE 


HIGH-LOWHIGH 

PULSE 




/ 1 

k 



\ J 

f 

\ ■ 7 



SAME PHASE 
INPUT TRANSITION 


WF001270 OPPOSITE PHASE . 

WI-UUl^/U INPUT TRANSITION 


Note: 1. Pulse Generator for All Pulses: Rate < 1.0MHz; Zo = 50Cl', tr< 2.5ns; tf< 2.5ns. 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



HE] 



-— ov 
WF001420 
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Am29821 - 26 

High Performance Bus Interface Registers 


DISTINCTIVE CHARACTERISTICS 


• High-speed parallel registers with positive edge-trig¬ 
gered D-type flip-flops 

- Noninverting CP-Y tpp = 7.5ns typ 

- Inverting CP-Y tpp = 7.5ns typ 

• Buffered co mmon Clock Enable (^) and asynchronous 
Clear input (CLR) 


• Three-state outputs glitch free during power-up and 
down. Outputs have Schottky clamp to ground 

• 48mA Commercial Iql. 32mA MIL Iql 

• Low input/output capacitance 

- 6 pF inputs (typical) 

- 8 pF outputs (typical) 

• Metastable "Hardened” Registers 


GENERAL DESCRIPTION 


The Am29820 Series bus interface registers are designed 
to eliminate the extra packages required to buffer existing 
registers and provide extra data width for wider address/ 
data paths or buses carrying parity. The Am29821 and 
Am29822 are buffered, 10-bit wide versions of the popular 
'374/'534 functions. The Am29823 and Am29824 are 9-bit 
wide buffered registers with Clock Enable (^) and Clear 
(CLR) - ideal for parity bus interfacing in high performance 
microprogrammed systems. The Am29825 and Am29826 
are 8 -bit buffered registers with all the '823/4 controls plus 


multiple enables (OEi, OE 2 , OE 3 ) to allow multiuser control 
of the interface, e.g., DMA, and RD/WR. They are Ideal 
for use as an output port requiring high Iql/Ioh- 

All of the AM29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


BLOCK DIAGRAM 



BD 001080 


PRODUCT SELECTOR GUIDE 



Device 

lO’Bit 

9-Bit 

8-Bit 

Nonlnverting 

Am29821 

Am29823 

Am29825 

Inverting 

Am29822 

Am29824 

Am29826 


IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 

Am29821/Am29822 10-BlT REGISTERS 



LOGIC SYMBOL 



METALLIZATION AND PAD LAYOUT 
10-Bit Registers 
Am2982r 



DIE SIZE 0.084" x 0.064" 
*Note: Am29822 is inverted 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29821 - 26 


D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55°C to +125®C) 

— Package 

D-24-pin SLIM DIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X-DIce 


Device type 
High Performance 
Bus Interface Registers 


Valid Combinations 

Am29821 

Am29822 

Am29823 

Am29824 

Am29825 

Am29826 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device Is currently available In the 
combination you wish. 
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Am29821-26 


CONNECTION DIAGRAM 
Top View 

Am29825/Am29826 8-BIT REGISTERS 



CD001200 CD001210 


LOGIC SYMBOL 



METALLIZATION AND PAD LAYOUT 
8-Bit Registers 
Am29825* 



24 Vcc 
23 Ois 

22 Yo 

21 Yi 

20 Y2 
19 Yg 
18 Y 4 
17 Yg 
16 Yg 

15 Y 7 

14 EN 
13 CP 


DIE SIZE 0.084" X 0.064" 
*NOTE: m29826 Is Inverted 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

1 

The D flip-flop data inputs. 

11 

CLR 

1 

For both inverting and noninverting registers, when the clear input is LOW and OE is LOW, the Qj 
outputs are LOW. When the clear input is HIGH, data can be entered into the register. 

13 

CP 

1 

Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 


Yi. Yi 

0 

The register three-state outputs. 

14 

EN 

1 

Clock Enable. When the clock enable is LOW, data on the Dj input is transferred to the Qj output on the 
LOW-to-HIGH clock transition. When the clock enable is HIGH, the Qj outputs do not change state, 
regardless of the data or clock input transitions. (Note 5.) 


OE 

1 

Output Control. When the 0E Input Is HIGH, the Yj outputs are in the high impedance state. When the 
OE input is LOW, the TRUE register data is present at the Yj outputs. 


Note 5: The Am29823 thru Am29826 registers achieve short throughput delay and setup time and reduced power consumption by 
means of a_clock gating and latching circuit. This circuit is sensitive to very short ( < 3ns) HIGH-to-LOW-to-HIGH going 
spikes on EN while CP is HIGH. The designer should be aware of this and avoid the use of decoders or other potentially 
glitching devices in the EN logic. 


FUNCTION TABLES 


Am29821/29823/29825 Am29822/29824/29826 


Inputs 

Internal 

Outputs 


OE 

CLR 

EN 

Di 

CP 

Q| 

Yt 

Function 

H 

H 

X 

X 

L 

L 

L 

H 

T 

T 

L 

H 

Z 

z 

Hl-Z 

H 

L 

L 

L 

X 

X 

X 

X 

X 

X 

L 

L 

z 

L 

Clear 

H 

H 

H 

X 

X 

NC 

z 

UrklH 

L 

H 

H 

X 

X 

NC 

NC 

noiu 

H 

H 

L 

L 

t 

L 

z 


H 

H 

L 

H 

T 

H 

z 

Load 

L 

H 

L 

L 

T 

L 

L 

L 

H 

L 

H 

T 

H 

H 



Inputs 

Internal Outputs 


OE 

CLR 

EN 

Dj 

CP 

Qi 

Y| 

Function 

H 

H 

X 

X 

L 

L 

L 

H 

T 

T 

H 

L 

Z 

Z 

Hi-Z 

H 

L 

X 

X 

X 

L 

z 

Clear 

L 

L 

X 

X 

X 

L 

L 

H 

H 

H 

X 

X 

NC 

z 

Hold 

L 

H 

H 

X 

X 

NC 

NC 

H 

H 

L 

L 

T 

H 

z 


H 

H 

L 

H 

T 

T 

L 

z 

Load 

L 

H 

L 

L 

H 

H 

L 

H 

L 

H 

T 

L 

L 



H =HIGH 

NC = No Change 

H = HIGH 

NC = No Change 

L =LOW 

T = LOW-to-HIGH Transition 

L =LOW 

T = LOW-to-HIGH Transition 

X = Don't Care 

Z = High Impedance 

X = Don’t Care 

Z = High Impedance 
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Am29821 - 26 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature..-65®C to +150‘’C 

Ambient Temperature with 

Power Applied...- to +125®C 

Supply Voltage to Ground Potential 

Continuous ..-0.5V to +7.0V 

DC Voltage Applied to Outputs 

for High Output State. .-0.5V to Vccmax 

DC Input Voltage. .-0.5V to +5.5V 

DC Output Current, into Outputs.100mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 1 ) 





VoH 

Output HIGH Voltage 


lOH = -15mA 

M 

lEEHl 



Iqh * -24mA 

IIQ^III 

3.1 


VOL 

Output LOW Voltage 

Vcc = MIN 

V|N “ V|H or V|L 

MIL,Iol “ 32mA 


0.31 

0.5 


COM’L, loL“48mA 



0.5 


Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 




mH 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 





V| 

Input Clamp Voltage 


hhh 

BB9I 

-1.2 


l|L 

Input LOW Current 

Vcc “ max. V|n = 0.4V 

Data, ClR 



-1.0 

llliy 

CP 


-1.2 

-2.0 

l|H 

Input HIGH Current 

Vcc “ max. V|n = 2.7V 



50 

HESli 

i| 

Input HIGH Current 


IHH 



IIIIIIIIBSSIII^ 

loz 

Output Off-State (High Impedance) 
Output Current 

Vcc “ max 

Vo “ 0.4V 



-50 


Vo “ 2.4V 



50 


Output Short Circuit Current 
(Note 3) 

Vcc max 




mm 

Icc 

Supply Current (Note 4) 

Vcc = max 

Outputs Open 

05 » LOW 

Over Temperature Range 



140 


+ 70‘’C 



130 

+ 125‘*C 



120 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended Operating Range. 

2. All typical values are Vcc * 5.0V, Ta =■ 25®C. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

4. Clock input, CP, is HIGH after clocking in data to produce outputs * LOW. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature...0*C to +70°C 

Supply Voltage........+4.75V to 4-5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.;...+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TEST CIRCUIT 



SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

(Note 4) 

Min 

Typ 

Max 

Units 

tPLH 

Propagation Delay Clock to Yj 
(5E = L0W) 

Cl = 50pF 

m^Qii 


8.5 


tPHL 

3.5 


10.5 


tPLH 

Cl = 300pF 



14 


tPHL 



18 

IIIIQH 

ts 

Data to CP Setup Time 

Cl “ 50pF 

2.0 

0 


ns 

tH 

Data to CP Hold Time 

2.0 

0.5 


ns 

ts 

Enable (En 1_) to CP Setup Time 

3.0 

1.5 


ns 

ts 

Enable (SN ^) to CP Setup Time 

3.0 

1.5 


ns 

tH 

Enable (iN) Hold Time 

0 

-1.5 


■m 

tpHL 

Propagation Delay, Clear to Yj 


12.9 

15.0 


ts 

Clear Recovery (ClR JT" ) Time 

5.0 

1.1 


ns 1 

tpWH 

Clock Pulse Width 

HIGH 

Cl * 50pF 

5.0 

3.5 



tpWL 

LOW 


3.0 


■bsh 

tpWL 

Clear (CLR = LOW) Pulse Width 

5.0 

4.0 


■SHI 

tZH 

Output Enable Time OE~T_to Yj 

Cl = 300pF 



17 

■ESI 

tZL 



21 

ns 

tZH 

Cl = 50pF 


11.5 

12 

ns 

tZL 


11.0 

12 

ns 

tHZ 

Output Disable Time CE _J” to Yj 

Cl = 50pF 



9 

ns 

tLZ 



9 

ns 

tHZ 

Cl = 5pF 


5.2 

8 

ns 

tLZ 


5.5 

8 

ns 


Note: 4. See test circuit and waveforms. 
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in2982 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 


Js_ 

tpWH _ 

tpWL _ 

tpWL _ 

JZH_ 

JZL_ 

tZH _ 

JZL_ 

tHZ __ 

tLZ 

tHZ 

tLZ 


Note: 4. See test 


Description 


Propagation Delay Clock to Yj 
(OE = LOW) 


Data to CP Setup Time 

Data to CP Hold Time _ 

Enable (En 1_) to CP Setup Time 
Enable ) to CP Setup Time 

Enable (EN) Hold Time _ 

Propagation Delay, Clear to Yj 
Clear Recovery (CLR "1_) Time 


Clock Pulse Width 


Clear (CLR = LOW) Pulse Width 


Output Enable Time OE L_ to Yj 


Output Disable Time OE_i to Yj 


circuit and waveforms. 


Test Conditions 
(Note 4) 


Cl = 300pF 


Cl = 300pF 


Cl = 50pF 



SWITCHING WAVEFORMS 


SET UP, HOLD, AND RELEASE TIMES 


ENABLE AND DISABLE TIMES 
Enable Disable 


CONTROL 

INPUT 


OUTPUT 
NORMALLY LOW 



tZL ^LZ 

-~4.5V 



NORMALLY HIGH $1 OPEf^ 


0.5V 

WF001290 


Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don't care condition. 


Notes: 1. Diagram shown for input Control Enable-LOV\/ 
and Input Control Disable-HIGH. 

2. Si and S 2 of Load Circuit are closed except 
where shown. 


Note: Pulse Generator for All Pulses: Rate<10MHz; Zo = 50J2; tr< 2.5ns; tf< 2.5ns. 
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PROPAGATION DELAY 


PULSE WIDTH 


SAME PHASE . 
INPUT TRANSITION 


OPPOSITE PHASE 
INPUT TRANSITION 


- 3V 

- 1.5 V 

- OV 

WF001420 


LOW HIGH LOW 
PULSE 


HIGH LOW HIGH 
PULSE 


J 

K - ^ 



r 

k 


1 -tpw—^ 



L 



\ / 



- 1.5V 

WF001270 


Note: Pulse Generator for All Pulses: Rate<10MHz; Zo = 50^2: tr< 2.5ns: tf< 2.5ns. 
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Am29827/Am29828 


Am29827/Am29828 

High Performance Buffers 


DISTINCTIVE CHARACTERISTICS 


• High-speed buffers and inverters 

- Noninverting tpo = 5.0ns typ 

- Inverting tpo = 4.5ns typ 

• 200mV minimum input hysteresis on input data ports 


• Three-state outputs glitch-free during power-up and 
-down. Outputs have Schottky clamp to ground 

• 48mA commercial Iql. 32mA military Iql 

• High capacitance load capability 

• Low capacitance inputs and outputs 


GENERAL DESCRIPTION 


The Am29827 and Am29828 10-bit bus buffers provide 
high performance bus interface buffering for wide data/ 
address paths or buses carrying parity. The 10-bit buffers 
have NOR-ed output enables for maximum control flexibili¬ 
ty. All buffer data inputs have 200mV minimum input 
hysteresis to provide improved noise rejection. 


All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 


BLOCK DIAGRAM 


Am29827/Am29828 10-BIT BUFFERS 


^0 Y, Yj Y3 Y4 Ys Yfi Yy Y, y, 



IMOX is a trademark of Advanced Mirco Devices, Inc, 


03371B 


8-32 


Refer to Page 13-1 for Essential Information on Military Devices 



CONNECTION DIAGRAM 
Top View 

Am29827/Am29828 10-BIT BUS DRIVERS 



"TV 

1 

“^24 

Z]''cc 

OoO 

2 

23 

□ yo 

ih[z 

3 

22 

□ Vl 


4 

21 

□ V2 

Dad 

s 

20 

□ V3 

04 d 

6 

10 

ZIV 4 

05 d 

7 

18 

□ V5 

Osd 

8 

17 

□ Ve 

07d 

• 

16 

□ ^7 

o»d 

10 

15 

1:^8 

o.d 

11 

14 

Z]Y» 

qwdI 

12 

13 

0^2 



CD001170 


LOGIC SYMBOL 





Am29827 (NONiNVERTING) 

LS000390 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29827 

Am29828 D C B 

I— Screening Option 

Blank - Standard processing 
B - Burn-In 

'—Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55®C to +125X) 

— Package 

D-24-pln SLIM DIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 

Device type 

High Performance Buffers 


Valid Combinations 

Am29827 

Am29828 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 



8-33 


03371B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am29827/Am29828 





Am29827/Am29828 


PIN DESCRIPTION 




I/O 

Description 


oe; 

I 

When both are LOW the outputs are enabled. When either one or both are HIGH the outputs are Hl-Z. 


Di 

I 

10-bit data input. 


Yi 

o 

10-bit data output. 


FUNCTION TABLES 


Am29827 (Noninverting) 


Inputs 

Outputs 


OE 

Di 

Y| 

Function 

L 

H 

H 

Transparent 

L 

L 

L 

Transparent 

H 

X 

Z 

Hl-Z 


Am29828 (Inverting) 


Inputs 

Outputs 



Di 

Yj 

Function 

L 

H 

L 

Transparent 

L 

L 

H 

Transparent 

H 

X 

Z 

Hl-Z 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Ambient Temperature with 

Power Applied.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0,5V to +7.0V 

DC Voltage Applied to Outputs 

for High Output State.-1.5V to Vcc^ax 

DC Input Voltage.-0.5V to +5.5V 

Output Current, into Outputs.100mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absoiute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc * min 

V|N = V|H or V|L 

•oh “-15mA 

2.4 



V 

IOH“-24mA 

2.0 



VoL 

Output LOW Voltage 

Vcc * min 

V|N “ V|H or V|L 

MIL, loL = 32mA 



0.5 

V 

COM’L, loL = 48mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = min, l|N=-18mA 



-1.2 . 

V 

Vhyst 

Input Hysteresis 

Output under test connected to Switching Test Circuit 

200 



mV 

l|L 

Input LOW Current 

Vcc = max V|n = 0.4V 



-1.0 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

HA 

l| 

Input HIGH Current 

Vcc “ max, V|n * 5.5V 



1.0 

mA 

lOZH 

Output Off-State 

Output Current (Hl-Z) 

Vcc “ max, Vo “ 2.4V 



50 

mA 

•OZL 

Output Off-State 

Output Current (Hl-Z) 

Vcc * max, Vo = 0.4V 



-50 

ma 

isc 

Output Short Circuit Current 

Vcc = max 

-75 


-250 

mA 

icc 

Supply Current 

Vcc * max 

Outputs Open 

Over Temperature Range 



80 

mA 

+ 70“C 



75 

+ 125“C 



70 


Note: 1 Typical Units are Vcc = 5V, Ta = 25‘’C 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am29827/Am29828 



SWIT 

FROM OUTPUT 

CHI 

TE 

POI 

c 

NG TEST CIRCUIT 

ir ^'cc 

lA . w ^ 


UMDERTEST 

Cl includes 

PROBE AND JIG” 
CAPACITANCE 

- 

* ^ 180f2 

_ T ALL DIODES 

1N916 0R 

I.Okn IN3064 

__ 

J 

Note: Pulse Ge 

SWriCKING CHARACTERISTICS (Ta = 

TC000360 

nerator for All Pulses: Rate<10MHz; 

+ 25X, Vcc = 5.0V) 

Parameters 

I Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 



Cl = 50pF 


4.8 

6.0 

ns 

tPHL 

Data (Dj) to Output (Yj) 


5.2 

6.2 

ns 

tPLH 

Am29827 (Noninverting) 

Cl = 300pF 


8.0 

11 

ns 

tPHL 



10.8 

13.2 

ns 

tpLH 



Cl = 50pF 


4.0 

5.2 

ns 

tPHL 

Data (Dj) to Output (Yj) 


4.9 

5.9 

ns 

tPLH 

Am29828 (Inverting) 

Cl = 300pF 


7.3 

10 

ns 

tpHL 



10.5 

12.9 

ns 

tZH 



Cl =* 50pF 


6.5 

12 

ns 

tZL 

Output Enable Time OE to Yj 


9.5 

12 

ns 

tZH 


Cl = 300pF 


11 

17 

ns 

tZL 



18 

21 

ns 

tHZ 



Cl = 5pF 


3.5 

8.0 

ns 

tLZ 

Output Disable Time SE to Yj 


3.5 

8.0 

ns 

tHZ 


Cl = 50pF 


11.2 

16 

ns 

tLZ 



4.5 

11 

ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions 








tPLH 

Data (Dj) to Output (Yj) 

Am29827 (Noninverting) 

Cl = 50pF 


8 


10 

ns 

tPHL 


8 


10 

ns 

tpLH 

Cl = 300pF 


15 


17 

ns 

tpHL 


15 



ns 

tPLH 

Data (Dj) to Output (Yj) 

Am29828 (Inverting) 

Cl = 50pF 


7.0 


9.0 

ns 

tPHL 


7.5 


9.5 

ns 

tpLH 

Cl = 300pF 


14 


16 


tPHL 


14 


16 

ns 

tZH 

Output Enable Time QE to Yj 

Cl » 50pF 


15 


, 17 

ns 

tZL 


15 


17 

ns 

tZH 

Cl * 300pF 


20 


22 

ns 

tZL 


23 


25 

ns 

tHZ 

Output Disable Time QE to Yj 

Cl = 5pF 


9 


10 

ns 

tLZ 


9 


10 

ns 

tHZ 

Cl - 50pF 


17 


19 

ns 

tLZ 


12 


12 

ns 
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SWITCHING WAVEFORMS 


PROPAGATION DELAY 


ENABLE AND DISABLE TIMES 


SAME PHASE 
INPUT TRANSITION 




OPPOSITE PHASE 
INPUT TRANSITION 




OUTPUT 
1.5V NORMALLY 
LOW 


OUTPUT 
1.5V NORMALLY 
HIGH 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. Si and S 2 of Load Circuit are closed except 
where shown. 
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Am29833-34/Am29853-54 


Am29833-34/Am29853-54 

Parity Bus Transceivers 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


• High-speed bidirectional bus transceiver for processor 
organized devices 

• Error flag with open-collector output 

• Generates odd parity for all-zero protection 

• Buffered direction three-state control 


• Output short-circuit protected to Vcc linfiits 

• 200mV minimum input hysteresis on input data ports 

• High-capacitance drive capability 

48mA commercial Iql 
32mA military Iql 


GENERAL DESCRIPTION 


The Am29833/34/53/54 are high-performance bus trans¬ 
ceivers designed for two-way communications. They each 
contain an 8-bit data path from the R (port) to the T (port), a 
9-bit data path from the T (port) to the R (port), and a 9-bit 
parity checker/generator. Two options are available. The 
Am29833/34 register option, and the Am29853/54 latch 
option. With the register option, the error flag can be 
clocked and stored In a regist er an d read at the open- 
collector ERR output. The clear (CLR) input is used to clear 
the error flag register. With the latch option, the error can 
be either passed, stored, sampled or c leared at the error 
flag output by using the EN and CLR controls. 


The output enables GET and OER are used to force the 
port outputs to the high-impedance state so that t he d evice 
can drive bus lines directly. In addition, the OER and GET 
can be used to force a parity error by enabling both lines 
simultaneously. This transmission of Inverted parity gives 
the designer more system diagnostic capability. The 
Am29833 and Am29853 are noninverting, while the 
Am29834 and Am29854 present inverting data at the 
outputs. The devices are specified at 48mA output sink 
current over the commercial range and 32mA over the 
military range. 


BLOCK DIAGRAM 


Am29833 

(Device Shown Noninverting) 



BD001040 


* Noninverting buffer for Am29833; inverting buffer for Am29834. 

•Note that the inverting device converts the positive logic "R” bus levels to negative logic levels on the "T” bus. 


00370B 
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CONNECTION DIAGRAM 
Top View 


8-BIT TO 9-BIT PARITY TRANSCEIVERS 


OER 
«0 
Rl 

Rj 

R3 

«4 
«5 

Re 
R 7 
EM 

Slr 
GNO 

CD001120 CD001130 




Leadless Chip Carrier 
L-28-1 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29833-34 

Am29853-54 D C B 

L—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55X to +125^0) 

— Package 

D-24-pin SLIM DIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 


Device type 

Parity Bus Transceivers 


I Valid Combinations | 

Am29833 

Am29834 

Am29853 

Am29854 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am29833-34/Am29853- 54 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

Am29833-34 

1 

C5IR 

1 

RECEIVE enable input. 


Ri 

0 

8-bit RECEIVE data output. 

10 

ERR 

o 

Output from fault registers. Registers detection of odd parity fault on using clock edge (CLK). A registered ERR output 
remains LOW until cleared. 

11 

Clr 

0 

Clears the fault register output. 


Ti 

0 

8-bit TRANSMIT data output. 

15 

PARITY 

0 

1-bit PARITY output. 

14 

5eT 

1 

TRANSMIT enable input. 

13 

CLK 

1 

External clock pulse input for fault register flag. 


Ani29853/54 


1 

OlR 

1 

RECEIVE enable input. 


Ri 

0 

8-bit RECEIVE data output. 

10 

ERR 

0 

Output from fault latches. Latches detection of odd parity fault on active enable A latched ERR output remains 

LOW until cleared. 

11 

Clr 

0 

Clears the fault latch output. 


Ti 

0 

8-bit TRANSMIT data output. 

15 

PARITY 

0 

1-bit PARITY output. 

14 

Get 

1 

TRANSMIT enable input. 

13 

m 

1 

Enable latch input for fault flag. 


BLOCK DIAGRAM 
Am29853 

(Device Shown Noninverting) 



BD001030 

* Noninverting buffer for Am29853; inverting buffer for Am29854. 

*Note that the inverting device converts the positive logic "R" bus levels to negative logic levels on the "T" bus. 
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FUNCTION TABLES 


Am29833 NONINVERTING OPTION 


Inputs 

Outputs 


OET 

OER 

CLR 

CLK 

R| {1 of H'8) 

T| inci Parity (I of H's) 

R| 

T| 

Parity 

I] 

Function 

L 

H 

_ 

_ 

H (Odd) 

NA 

NA 

H 

L 

NA 

Transmit data from R Port 

L 

H 

- 

- 

H (Even) 

NA 

NA 

H 

H 

NA 

to T Port with parity, 

L 

H 

- 

- 

L (Odd) 

NA 

NA 

L 

L 

NA 

receiving path is disabled 

L 

H 

- 

- 

L (Even) 

NA 

NA 

L 

H 

NA 


H 

L 

H 

f 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from T Port 

H 

L 

H 

T 

NA 

H (Even) 

H 

NA 

NA 

L 

to R Port with parity 

H 

L 

H 

T 

NA 

L (Odd) 

L 

NA 

NA 

H 

test resulting in flag, 

H 

L 

H 

t 

NA 

L (Even) 

L 

NA 

NA 

L 

transmitting path is disabled 

- 

- 

L 

- 

- 

- 

- 

NA 

NA 

H 

Clear the state of error 
flag register 

H 

H 

H 

- 

- 

- 

Z 

Z 

Z 

NC 

Both transmitting and 

H 

H 

L 

- 

- 

- 

Z 

Z 

Z 

H 

receiving paths are disabled. 

H 

H 

H 

T 

L (Odd) 

- 

Z 

z 

z 

H 

Parity logic defaults to 

H 

H 

H 

T 

H (Even) 

- 

Z 

z 

z 

L 

transmit mode 

L 

L 

- 

- 

H (Odd) 

NA 

NA 

H 

H 

NA 

Forced-error checking 

L 

L 

- 

- 

H (Even) 

NA 

NA 

H 

L 

NA 

L 

L 

- 

- 

L (Odd) 

NA 

NA 

L 

H 

NA 


L 

L 

- 

- 

L (Even) 

NA 

NA 

L 

L 

NA 



Am29834 INVERTING OPTION* 


Inputs 

Outputs 


OET 

OER 

CLR 

CLK 

Ri (£ of L's) 

Ti IncI Parity (Z of H's) 


■a 



Function 

L 

H 

- 


H (Odd) 

NA 

NA 

L 

H 

NA 

Transmit data from R Port 

L 

H 

- 

- 

H (Even) 

NA 

NA 

L 

L 

NA 

to T Port with parity, 

L 

H 

- 

- 

L (Odd) 

NA 

NA 

H 

H 

NA 

receiving path is disabled 

L 

H 

- 

- 

L (Even) 

NA 

NA 

H 

L 

NA 


H 

L 

H 

T 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from T Port 

H 

L 

H 

T 

- NA 

H (Even) 

L 

NA 

NA 

L 

to R Port with parity 

H 

L 

H 

T 

NA 

L (Odd) 

H 

NA 

NA 

H 

test resulting in flag. 

H 

L 

H 

T 

NA 

L (Even) 

H 

NA 

NA 

L 

transmitting path is disabled 

- 

- 

L 

- 

- 

- 

- 

- 

- 

H 

Clear the state of error 
flag register 



H 

- 

- 

_ 




NC 

Both transmitting and 



L 

- 

- 

- 




H 

receiving paths are disabled. 



H 

T 

L (Odd) 

- 




L 

Parity logic defaults to 



H 

T 

L (Even) 

- 




H 

transmit mode 

IHIH 

■■ 

___ 

■■■ 

HRWISfTim 




■mi 


Forced-error checking 























■■ 

H 

BH 

HH 









H = High Z = High impedance Odd = Odd number of logic one's 

L « Low NA =Not applicable Even = Even number of logic one's 

T = Low to high transition of clock - = Don't care or irrelevant i = 0, 1, 2, 3, 4, 5, 6, 7 

NO = No change 

•Note that for the negative logic levels on the B Port, an "H" represents a logic "0" while an "L" represents a logic "1." 

1. Output state assumes HIGH output pre-state. 

ERROR FLAG OUTPUT TRUTH TABLE 


* Enable is used as strobe for the latch in sampled 
operation. 


Am29833-Am29834 (REGISTER OPTION) 


Inputs 

Internal 
to Device 

Outputs 

Pre-state 

Output 

Function 

CLR 

CLK 

Point "P" 

iRRn-i 

IRR 

H 

T 

H 

H 

H 

Sample* 

H 

T 

- - 

L 

L 

(l's 

H 

T 

L 


L 

Capture) 

L 

- 

- 

- 

H 

Clear 


Am29853/Am29854 (LATCH OPTION) 


Inputs 

Internal 
to Device 

Outputs 

Pre-state 

Output 

Function 

Bi 

1^^ 

Point "P" 

IRRn-l 

iRR 

B 

B 

BB 

_ 

H 


BB 

n 

IjBnBB 

bbbb 

■BB 


BB 

B 





B 

B 






L 

- 

- 





_ 

L 

H 

BJB 
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Am29833-34/Am29853-54 


Am29853 NONINVERTING OPTION 

Inputs 

Outputs 


SIT 

OER 

Ci-R 

CLK 

Rr(Iof H's) 

Ti Inci Parity (L of H's) 

R| 

n 



Function 

L 

H 

_ 

_ 

H (Odd) 

NA 


H 

m 


Transmit data from R Port 

L 

H 

- 

- 

H (Even) 

NA 


H 

HB 


to T Port with parity, 

L 

H 

- 

- 

L (Odd) 

NA 



BM 


receiving path is disabled 

L 

H 


- 

L (Even) 

NA 


■■ 

■■ 



H 

L 

L 

L 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from T Port 

H 

L 

L 

L 

NA 

H (Even) 

H 

NA 

NA 

L 

to R Port with parity 

H 

L 

L 

L 

NA 

L (Odd) 

L 

NA 

NA 

H 

test resulting in flag. 

H 

L 

L 

L 

NA 

L (Even) 

L 

NA 

NA 

L 

transmitting path is 
disabled 

H 

L 

H 

L 

NA 

H (Odd) 

H 

NA 

NA 

H 

Receive data from T Port 

H 

L 

H 

L 

NA 

H (Even) 

H 

NA 

NA 

L 

to R Port, pass the 

H 

L 

H 

L 

NA 

L (Odd) 

L 

NA 

NA 

H 

error test resulting to 

H 

L 

H 

L 

NA 

H (Even) 

L 

NA 

NA 

L 

error flag, transmitting 
path is disabled 

H 

L 

H 

H 

NA 

- 

- 



ERRn-1 

Store the state of error 
flag register 

- 

- 

L 

H 

- 

- 




H 

Clear the state of error 
flag register 

H 

H 

H 

H 

_ 

- 





Both transmitting and 

H 

H 

L 

H 

- 

- 





receiving paths are disabled. 

H 

H 

- 

L 

L (Odd) 

- 





Parity logic defaults 

H 

H 

- 

L 

H (Even) 

- 


19 

mm 


to transmit mode 

L 

L 

- 


H (Odd) 

NA 

NA 

H 

H 

NA 

Forced-error checking 

L 

L 

- 

- 

H (Even) 

NA 

NA 

H 

L 

NA 

L 

L 

- 

- 

L (Odd) 

NA 

NA 

L 

H 

NA 


L 

L 

. - 

- 

L (Even) 

NA 

NA 

L 

L 

NA 


Am29864 INVERTING OPTION* 

Inputs 1 

Outputs 


SiT 

6E8 

ecR 

CLK 

R| (S of H’s) 

Ti IncI Parity (D of H's) 


1^91 

Parity 


Function 

L 

H 

_ 

_ 

H (Odd) 

NA 


im 


NA 

Transmit data from R Port 

L 

H 

- 

- 

H (Even) 

NA 



M 

NA 

to T Port with parity. 

L 

H 

- 

- 

L (Odd) 

NA 



HB 

NA 

receiving path is disabled 

L 

H 

- 

- 

L (Even) 

NA 



BB 

NA 


H 

L 

L 

L 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from T Port 

H 

L 

L 

L 

NA 

H (Even) 

L 

NA 

NA 

L 

to R Port with parity 

H 

L 

L 

L 

NA 

L (Odd) 

H 

NA 

NA 

H 

test resulting in flag, 

H 

L 

L 

L 

NA 

L (Even) 

H 

NA 

NA 

L 

transmitting path is 
disabled 

H 

L 

H 

L 

NA 

H (Odd) 

L 

NA 

NA 

H 

Receive data from T Port 

H 

L 

H 

L 

NA 

H (Even) 

L 

NA 

NA 

L 

to R Port, pass the 

H 

L 

H 

L 

NA 

L (Odd) 

H 

NA 

NA 

H 

error test resulting to 

H 

L 

H 

L 

NA 

L (Even) 

H 

NA 

NA 

L 

error flag, transmitting 
path is disabled 

H 

L 

H 

H 

NA 

- 

- 




Store the state of error 
flag register 

- 

- 

L 

H 


- 

- 



■i 

Clear the state of error 
flag register 

H 

H 

H 

H 

- 

_ 





Both transmitting and 

H 

H 

L 

H 

- 

- 





receiving paths are disabled. 

H 

H 

- 

L 

L (Odd) 

- 





Parity logic defaults 

H 

H 

- 

L 

L (Even) 

- 




WBM 

to transmit mode 

L 

L 

_ 

_ 

H (Odd) 

NA 


liDIII 

BB 

W?CTB 

Forced-error checking 

L 

L 

■ - 

- 

H (Even) 

NA 



BB 



L 

L 

- 

- 

L (Odd) 

NA 



BB 

«^B 


L 

L 

- 

- 

L (Even) 

NA 



BB 



H - High 




NA » Not applicable 



Odd 

» Odd number of logic one's 

L * Low 




ERRn-i = Pre-state of ERR 



Even 

* Even number of logic one's 

Z « High impedance 


« Don't care or irrelevant 


i 

= 0, 1, 2, 3, 4, 5, 6, 7 

NC = No change 









•Note that for the negative logic levels on the B Port, an "H" represents a logic "0" while an "L" represents a logic "1." 

1. Output state assumes HIGH output pre-state. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Ambient Temperature with 

Power Applied.-55®C to +125X 

Supply Voltage to Ground Potential 

Continuous.~0.5V to +7.0V 

DC Voltage Applied to Output 

for High Output State.-1.5V to Vccmax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, into Outputs.100mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliabiiity. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

— 

Max 

Units 

VoH 

Output HIGH Voltage (Except ERR) 

Vcc = min 

V|N = V|H or V|L 

Iqh = -15mA 

2.4 



V 

IOH = -24mA 

2.0 



VoL 

Output LOW Voltage 

Vcc = min 

ERR 

Iql = 48mA 



0.5 

V 

All Other 

Outputs 

V|N = V|H or V|L 

Iql = 32mA MIL 



0.5 

Iql = 48mA COM'L 



0.5 

V|H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH Voltage for All Inputs 

2.0 



V 

ViL 

Input LOW Voltage 

Guaranteed Input Logical LOW Voltage for All Inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc “ min, l|N = -18mA 



-1.2 

V 

VhyST 

Hysteresis for Inputs Rj, Tj 

Output Connected to AC Test Load Circuit 

200 



mV 

IlL 

Input LOW Current 

Vcc = max 

V|N = 0.4V 

Data 



-1.0 

mA 

Control 



-2.0 

l|H 

Input HIGH Current 

Vcc = max. V|n = 2.7V 



50 

HA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

lOZH 

Off-State Output Current 
(High Impedance) 

Vcc = max 

Vo = 2.4V 



+ 100 

mA 

lOZL 

Vo = 0.4V 



-1.0 

mA 

isc 

Output Short Circuit Current 

Vcc = max 

75 


250 

mA 

icc 

Power Supply Current 

Vcc = max 

(All Outputs Are Open) 

Over Temperature Range 



195 

mA 

+ 70°C 



180 

+ 125°C 



170 


Note: 1 Typical units are TA = 25“C, Vcc = 5V. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature. .-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am29833-34/Am29853-54 


SWITCHING TEST CIRCUIT 

CIRCUIT NO. 1 CIRCUIT NO. 2 




Note; Test Circuit No. 1 is used with Propagation delay 

SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

^ Min 

Type 

Max 

Units 

tPLH 

Propagation Delay Rj to Tj, Tj to Rj 

Cl = 50pF 



12 

ns 

tPHL 



12 

ns 

tPLH 

Cl = 300pF 



16 

ns 

tpHL 



16 

ns 

tPLH 

Propagation Delay Rj to PARITY 

Cl * 50pF 



15 

ns 

tPHL 



15 

ns 

tPLH 

Cl = 300pF 



22 

ns 

tPHL 



22 

ns 

tZH 

Output Enable Time SIR, 0ET to Rj, Tj 

Cl = 50pF 



15 

ns 

tZL 



15 

ns 

tZH 

Cl = 300pF 



20 

h -^- 

ns 

tZL 



23 

ns 

tHZ 

Output Disable Time OER, OET to Rj, Tj 

Cl = 5pF 



9 

ns 

tLZ 



10 

ns 


Cl=50pF 



17 

ns 

tLZ 



12 

ns 

ts 

Tj, PARITY to CLK Setup Time* 

Cl = 50pF 

15 



ns 

tH 

Tj, PARITY to CLK Hold Time* 

0 



ns 

ts 

Clear Recovery Time ClP to CLK** 

15 



ns 

tpWH 

Clock Pulse Width* 

HIGH 

10 



ns 

tpWL 

LOW 

10 



ns 

tpWL 

Clear Pulse Width 

LOW 

10 




tPHL 

Propagation Delay CLK to ERR* 

Cl = 50pF 



15 

ns 

tPLH 

Propagation Delay CLR to ERR 

Cl = 50pF 



15 

ns 

tPLH 

Propagation-Delay tj, PARITY ERR 
(PASS Mode Only) Am29853/54 

Cl = 50pF 



22 

ns 

tpHL 



mm 

■Bi 

tPLH 

Propagation Delay OER to Parity 




■ai 

ns 

tpHL 



. 15 

ns 

tPLH 

CL = 300pFTest Ckt #1 



22 

ns 

tPHL 


■■■ 

22 

ns 


*For Am29853/54 replace CLK with EN. 
**Note: Not applicable to Am29853/54. 
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Tj, PARITY 
OUTPUT 
NORMALLY 
LOW 


Tj, PARITY 
OUTPUT 
NORMALLY 
HIGH 



OUTPUT 

NORMALLY 

LOW 


OUTPUT 

NORMALLY 

HIGH 



c. OET to Tj, PARITY 


d. OER to Rj 
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Am29841-46 


Am29841 - 46 

High Performance Bus Interface Latches 


DISTINCTIVE CHARACTERISTICS 


• High-speed parallel latches 

•- Noninverting transparent tpp = 5.25ns typ 
- Inverting transparent tpo = 6.0ns typ 

• Buffered common latch enable, clear and preset input 

• Three-state outputs glitch-free during power-up and 
down. Outputs have Schottky clamp to ground 


• 48mA Commercial Iql 32mA MIL Iql 

• Low input/output capacitance 

- 6 pF inputs (typical) 

- 8 pF outputs (typical) 

• loH specified 2.0V and 2.4V 


GENERAL DESCRIPTION 


The Am29840 Series bus interface latches are designed to 
eliminate the extra packages required to buffer existing 
latches and provide extra data width for wider address/data 
paths or buses carrying parity. The Am29841 and Am29842 
are buffered, 10-blt wide versions of the popular '373 
function. The Am29843 an d Am 29844 are 9-b it wide 
buffered latches with Preset (PRE) and Clear (CLR) - ideal 
for parity bus interfacing in high performance systems. The 
Am29845 and Am29846 are 8 -blt buffered latches with all 
the '843/4 controls plus multiple enables (OE-j, OE 2 , OE 3 ) 


to allow multiuser control of the interface, e.g., C§, DMA, 
and RD/WR. They are ideal for use as an output port 
requiring high Iql/Ioh- 

All of the Am29800 high performance interface family 
products are designed for high capacitance load drive 
capability while providing low capacitance bus loading at 
both inputs and outputs. All inputs are Schottky diode 
inputs, and ail outputs are designed for low capacitance 
bus loading in the high impedance state. 


BLOCK DIAGRAM 

Am29843 



Vi V2 Y3 Y4 Yj Yfi Y7 Y, 

BD001050 


PRODUCT SELECTOR GUIDE 



Device 

10-Bit 

9-Bit 

8-Bit 

Noninverting 

Am29841 

Am29843 

Am29845 

Inverting 

Am29842 

Am29844 

Am29846 


IMOX is a trademark of Advanced Micro Devices, Inc. 


01972C 
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CONNECTION DIAGRAM 
Top View 

Am29841/Am29842 10-BIT LATCHES 




LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 

Am29841* 

10-Bit Latches 




DIE SIZE 0.084" x 0.064" 

Note: the Am29842 is inverted 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29841 - 46 


'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55X to +125X) 

Package 

D-24-pin SLIM DIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 


Device type 

High Performance Bus Interface Latches 


Valid Combinations 

Am29841 

Am29842 

Am29843 

Am29844 

Am29845 

Am29846 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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CONNECTION DIAGRAM 
Top View 

Am29843/Am29844 9-BIT LATCHES 



LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Am29843* 

9-Bit Latches 



GND 12-' ’-13 LE 

DIE SIZE 0.084" X 0.064" 

Note: the Am29844 is inverted 
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CONNECTION DIAGRAM 
Top View 

Am29845/Am29846 8-BIT LATCHES 



LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 


Am29845* 
8-Bit Latches 
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Am29841-46 



Pin No. Name I/O Description 


Am29841/43/45 (Noninverting) 


When CLR is LOW, the outputs are LOW if QE is LOW. When CLR is HIGH, data can be entered into the latch. 




The latch enable input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to>LOW 
transition. 

The 3-state latch outputs. 



Am29842/44/46 (inverting) 


11 

ClR 


Dj 

13 

LE 



1 

GE 

14 

PRE 


I When ClR is LOW, the outputs are LOW if PE is LOW. When CUR is HIGH, data can be entered into the latch. 
I The latch inverting data inputs. 

I The latch enable input. The latches are transparent when LE is HIGH. Input data is latched on the HIGH-to-LOW 
transition. 

O The 3-state latch outputs. 

I The output enable control. When OE is LOW, the outputs are enabled. When OE is HIGH, the outputs Yj are in the 
high-impedance (ofQ state. ____ 

I Preset line. When PRE is LOW, the outputs are HIGH if 0E is LOW. Preset overrides CLR. 










































ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70'’C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V(L 

lOH = -‘>5mA 

2.4 

3.3 


Volts 

•oh = -24mA 

2.0 

3.1 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, loL = 32mA 



0.5 

Volts 

COM'L, loL = 48mA 



0.5 

V,H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N*-18mA 



-1.2 

Volts 

111 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-1.0. 

mA 

i|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

mA 

l| 

Input HIGH Current 

Vcc = max. V|n = 5.5V 



1.0 

mA 

•oz 

Output Off-State (High Impedance) 
Output Current 

Vcc = max 

Vo = 0.4V 



-50 

juA 

Vo = 2.4V 



50 

isc 

Output Short Circuit Current^ 

Vcc = max 

-75 


-250 

mA 

Icc 

Supply Current 

Vcc = max 

Outputs Open 

Over Temperature 
Range 



120 

mA 

+ 70 



110 

+ 125X 



100 


Notes: 1. All typical values are Ta = 25“C, Vcc = 5.0V. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

3. Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 


Storage Temperature.-65®C to +150®C 

Ambient Temperature with 

Power Applied ..-55®C to +125X 

Supply Voltage to Ground Potential 

Continuous..-0.5V to +7.0V 

DC Voltage Applied to Outputs 

for High Output State.-0.5V to Vcc^ax 

DC input voltage.-0.5V to +5.5V 

DC Output Current, into Outputs.100mA 

DC input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
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SWITCHING TEST CIRCUIT 

TEST 

POINT ''CC 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

(Note 4) 

COMMERCIAL 

MILITARY 

Hill 

Min 

Max 

Min 

Max 

tPLH 

(Am29841. 3. 5) 

Data (Dj) to Output Yj (LE ^ HiGH) 


IIQIIi 

mQ^mi 

|B9| 

11 

ns 

tPHL 


9.5 j 

3.5 

11 

ns 

tPLH 

Cl = 300pF 




14 

ns 

tPHL 


13 


15 

ns 

ts 

Data to LE Setup Time 

Cl^SOpF 

2.5 


■Hi 


ns 

tH 

Data to LE Hold Time 



3 


ns 

tPLH 

(Am29842, 4. 6) 

Data (Dj) to Output (Y^) (LE = HIGH) 


^Bi 

10 



ns 

tPHL 

3.5 

10 


12 

ns 

tPLH 

Cl = 300pF 


12.5 


14 

ns 

tPHL 


13 


15 

ns 

tPLH 

Data to LE Setup Time 

Cl = 50pF 

WEm 


mm 


ns 

tpHL 

Data to LE Hold Time 

2.5 


3 


ns 

tPLH 

Latch Enable (LE) to Yj 

Cl = 50pF 


12 


16 

ns 

tPHL 


12 


16 

ns 

tPLH 

Cl = 300pF 


16 


20 

ns 

tPHL 


16 


20 

ns 



Cl = 50pF 





ns 







ns 

tPLH 

Propagation Delay, Preset to Yj 


12 


14 

ns 

ts 

Preset Recovery (PRE-JT”) Time 


14 


17 

ns 

tPHL 

Propagation Delay, Clear to Yj 


21 



ns 

ts 

Clear Recovery (CLR ) Time 


14 


17 

ns 

tpWH 

LE Pulse Width 

HIGH 

Cl = 50pF 

6 


6 


ns 

tpWL 

Preset Pulse Width 

LOW 

8 


9 


ns 

tpWL . 

Clear Pulse Width 

LOW 

8 


9 



tZH 

Output Enable Time OE~T_to Yj 

Cl = 300pF 


20 


22 

ns 

tZL 


23 


25 

ns 

tZH 

Cl = 50pF 


14 


15 

ns 

tZL 


14 


15 

ns 

tHZ ^ 

Output Disable Time SE to Yj 

Cl = 50pF 


15 


15 

ns 

tLZ 


12 


12 

ns 

tHZ 

u. 

II 

-J 

o 


9 


10 

ns 

tLZ 


9 


10 

ns 


Note: 4. See test circuit and waveforms. 
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SWITCHING CHARACTERISTICS (Ta = +25‘»C, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

(Note 4) 

Min 

Typ 

Max 

Units 

tPLH 

(Am29841, 3, 5) 



Cl = 50pF 

3.5 

5.7 

8 

ns 

tPHL 

Data (Dj) to Output Yj (LE = HIGH) 


3.5 

6.2 

8 

ns 

tPLH 


Cl = 300pF 


10 

13 

ns 

tPHL 




10 

13 

ns 

ts 

Data to LE Setup Time 

Cl = 50pF 

2.0 

-0.2 


ns 

tH 

Data to LE Hold Time 

2.5 

0.7 


ns 

tpLH 

(Am29842, 4, 6) 



Cl = 50pF 

3.5 

6.2 

8.5 

ns 

tPHL 

Data (Di) to Output (Yj) (LE = HIGH) 


3.5 

6.5 

8.5 

ns 

tPLH 


Cl = 300pF 


10 

13 

ns 

tPHL 




10 

13 

ns 

ts 

Data to LE Setup Time 

Cl = 50pF 

2.5 

0.3 


ns 

tH 

Data to LE Hold Time 

2.5 

0.2 


ns 

tPLH 



Cl = 50pF 


8 

10.5 

ns 

tPHL 

Latch Enable (LE) to Yj 



7.5 

10 

ns 

tPLH 


Cl = 300pF 



15 

ns 

tPHL 





15 

ns 







ns 







ns 

tPLH 

Propagation Delay, Preset to Yj 

Cl = 50pF 


6.5 

9 

ns 

ts 

Preset Recovery (PRE ~L. ) Time 


7.3 

12 

ns 

tpHL 

Propagation Delay, Clear to Yj 



15 

18 

ns 

ts 

Clear Recovery (CLR —T") Time 



7.8 

12 

ns 

tpWH 

LE Pulse Width. 

HIGH 


4 

2.5 


ns 

tPWL 

Preset Pulse Width 

LOW 

Cl = 50pF 

5 



ns 

tpWL 

Clear Pulse Width 

LOW 


6 



ns 

tZH 



Cl = 300pF 



17 

ns 

tZL 

Output Enable Time OE ~L. to Yj 




21 

ns 

tZH 


Cl = 50pF 


7.3 

12 

ns 

tZL 




9.7 

12 

ns 

tHZ 



Cl = 50pF 


10.4 

14 

ns 

tLZ 

Output Disable Time OE_r* to Yj 



4.7 

11 

ns 

tHZ 


Cl = 5pF 


3.4 

8 

ns 

tLZ 



(Note 5) 


3.8 

8 

ns 


Note: 4. See test circuit and waveforms. 
5. Not tested. 
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SWITCHING WAVEFORMS 

SET UP, HOLD, AND RELEASE TIMES ENABLE AND DISABLE TIMES 

Enable Disable 


DATA 

INPUT 


LATCH 

ENABLE 


hmm 

mmi 


mi 


J 


3V 

1.5V 


WF001400 



Notes: 1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don’t care condition. 


Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. Si and S 2 of Load Circuit are closed except 
where shown. 


PROPAGATION DELAY 



Note: Pulse Generator for All Pulses: Rate 


PULSE WIDTH 


LOWHIGHLOW 

r ^ 1 


PULSE y 


k 

' i 

-tpw—:-- 


HIGH-LOWHIGH \ 



PULSE 

._ i 



WF001270 


< 10MHz; Zo = 50f2; tr< 2.5ns; tf< 2.5ns. 


INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 
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Am29861 - 64 

High Performance Bus Transceivers 


DISTINCTrVE CHARACTERISTICS 


High-speed symmetrical bidirectional transceivers 

- Noninverting tpp = 5.0ns typ 

- Inverting tpp = 4.5ns typ 

200mV minimum input hysteresis on input data ports 


Three-state outputs glitch-free during power-up and 
down. Outputs have Schottky clamp to ground 
48mA commercial Iql. 32mA military Iql 
L ow input/output capacitance 
lOH specified 2.0V and 2.4V 


GENERAL DESCRIPTION 


The Am29860 Series bus transceivers provide high perfor¬ 
mance bus interface buffering for wide data/address paths 
or buses carrying parity. The Am29863/64 9-bit transceiv¬ 
ers have NOR-ed output enables for maximum control 
flexibility. All transceiver data inputs have 200mV minimum 
input hysteresis to provide improved noise rejection. 


All of the Am29800 high performance interface family are 
designed for high capacitance load drive capability while 
providing low capacitance bus loading at both inputs and 
outputs. All inputs are Schottky diode inputs, and all outputs 
are designed for low capacitance bus loading in the high 
impedance state. 




IMOX is a trademark of Advanced Micro Devices, Inc. 
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CONNECTION DIAGRAM 
Top View 

Am29861/Am29862 10-BIT TRANSCEIVERS 


oEsq 1 
R 0 H 2 


_J Vcc 
23 ZITo 
M Z3t, 

21 13 h 
20 ZJh 
1« 13 T 4 
1« Zl Ts 

17 ZjTe 
16 □Tr 
15 Z t8 
1* 0^9 

13 ^OEf 


LOGIC SYMBOL 



Am2986l (NONiNVERTING) 

LS000370 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am29861-64 


■—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55X to +125°C) 

-Package 

D-24-pin SLIM DIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 
X- Dice 


Device type 

High Performance Bus Transceiver 


Valid Combinations | 

Am29861 

Am29862 

Am29863 

Am29864 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

Am29861/Am29862 

1 

Ser 

i 

When LOW in conjunction with OET HIGH activates the RECEIVE mode. 

13 

5eT 

I 

When LOW in conjunction with OER HIGH activates the TRANSMIT mode. 


Ri 


10-bit RECEIVE input/output. 


Ti 


10-bit TRANSMIT input/output. 


Am29863/Am29864 



10^ 1 

1 

When both are LOW in conjunction with any CETj HIGH indicates the RECEIVE mode. 



1 

When both are LOW in conjunction with any OERj HIGH indicates the TRANSMIT mode. 


Ri 

I/O 

9-blt RECEIVE input/output. 


Ti 


9-bit TRANSMIT input/output. 


FUNCTION TABLES 


Am29861/Am2983 (Noninverting) Am29862/Am29864 (Inverting) 


Inputs 




Brail 

El 

Ti 

B 

B 

Function 

L 


L 


N/A 

H 

Transmitting 

L 


a 


N/A 

L 

Transmitting 


L 

QQI 

L 

H 

N/A 

Receiving 


L 

ED 

D 

L 

N/A 

Receiving 

H 

H 

B 

B 

Z 

Z 

Hi-Z 


Inputs 

Outputs 


■■■■I 


B 

B 

B 

B 


L 

H 

B 

IQQ 


L 


L 

H 

B 

ED 

ED 

B 


Bl 

L 


L 

L 

QQ 


Bi 

L 


B 

B 

131 

Q3iES9D 

mm 


B 

B 

Z 


Hi-Z 


H = HIGH X = Don’t Care 

L = LOW N/A = Not Applicable 

Z = High Impedance 


Am29863/Am29864 
9-BIT TRANSCEIVERS 


To T, 


T* T3 T4 Tj Te T7 T, 



"0 "1 R3 R4 Rs Ro R7 Rt 


orf, STfj 

BD001070 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameter 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Iqh = - 1 5mA 

2.4 



V 

IOH“-24mA 

2.0 



VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, loL = 32mA 



0.5 

V 

COM'L, loL = 48mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



V 

V|L 

Input LOW Level 

Guaranteed input logical LOW voltage 
for all inputs 



0.8 

V 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.2 

V 

Vhyst 

Input Hysteresis 

Tested output is connected to AC load test circuit 

200 



mV 

l|L 

Input LOW Current 

Vcc = max, V|N = 0.4V 



-1.0. 

mA 

l|H 

Input HIGH Current 

Vcc * max, ViN = 2.7V 



50 

pA 

l| 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

lOZH 

Output Off-State 

Output Current (Hl-Z) 

Vcc = max, Vo «= 2.4V 



50 

mA 

lOZL 

Output Off-State 

Output Current (Hl-Z) 

Vcc = max, Vo = 0.4V 



-1.0 

HQIi 


Output Short Circuit Current 

Vcc “MAX 

-75 



IBSQIIIIi 


Supply Current 

Vcc “ max 

Outputs Open 

Over Temperature Range 



160 

m 

+ 70‘’C 



150 

+ 125“C 



140 


ABSOLUTE MAXIMUM RATINGS 


storage Temperature.-65“C to +150®C 

Ambient Temperature with 

Power Applied.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Output 

for High Output State.-1.5V to Vccmax 

DC Input voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.100mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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SWITCHfNG TEST CIRCUIT 



Note: Pulse Generator for All Pulses: Rate < 10MHz; Zo = 50l2; tr< 2.5ns; tf< 2.5ns. 

SWITCHING CHARACTERISTICS (Ta = + 25°C. Vcc = 5.0V) 



Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Propagation Delay from Rj to Tj or Tj to Rj 

Am29861 /Am29863 (Noninverting) 

Cl = 50pF 


HQI 

imji 

BSH 

tpHL 


0 

HSI 

IBSH 

tPLH 

Cl = 300pF 



11 

ns 

tPHL 



14 

ns 

tPLH 

Propagation Delay from Rj to or Tj to Rj 
Am29862/Am29864 (Inverting) 

Cl = 50pF 


mQ^mn 

mm 

■ai 

tpHL 


4.9 

5.9 

ns 

tpLH 

Cl = 300pF 


mm 


ns 

tPHL 


10.5 

12.9 

ns 

tZH 

Output Enable Time 6 et to Tj and 

OER to Rj 

Cl = 50 pF 


6.5 

12 

ns 

tZL 


9.5 

12 

ns 

tZH 

Cl = 300pF 


11 

17 

ns 

tZL 


17 

21 

ns 

tHZ 

Output Disable Time OET to Tj and 

OER to Rj 

Cl = 5pF 


3.5 

8.0 

ns 

tLZ 


3.5 

8.0 

ns 

tHZ 

Cl = 50pF 


11.2 

16 

ns 

tLZ 


4.5 

9.0 

ns 


SWITCHING CHARACTERISTICS over operating range unless othenvise specified 


Parameters 

Description 

Test Conditions 

COMMERCiAL 


Units 

Min 

Max 



tPLH 

Propagation Delay from 

Rj to Tj or Tj to Rj 

Am29861/Am29863 (Noninverting) 

Cl = 50pF 


8 


10 

ns 

tPHL 


8 


10 

ns 

tPLH 

Cl = 300pF 


15 


17 

ns 

tPHL 


15 


17 

ns 

tpLH 

Propagation JDelay from 

Rj to Tj or Tj to Rj 

Am29862/Am29864 (Inverting) 

Cl = 50pF 


7.0 


9.0 

ns 

tPHL 


7.5 


9.5 

ns 

tPLH 

Cl *= 300pF 


14 


16 

ns 

tpHL 


14 


16 

ns 

tZH 

Output Enable Time 6 et to 

Tj or OER to Rj 

Cl = 50pF 


15 


17 

ns 

tZL 


15 


17 

ns 

tZH 

Cl = 300pF 


20 


22 

ns 

tZL 


23 


25 

ns 

tHZ 

Output Disable time OET to 

Tj or OER to Rj 

Cl = 5pF 


9 


10 

ns 

tLZ 


9 


10 

ns 

tHZ 

Cl = 50pF 


17 


19 

ns 

tLZ 


12 


12 

ns 
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SWITCHING WAVEFORMS 


PROPAGATION DELAY 


ENABLE AND DISABLE TIMES 
Enable Disable 




1 


-tPHL 

- VoH 



HIGH s, OPEN 



Notes: 1. Diagram shown for Input Control Enable-LOW 
and Input Control Disable-HIGH. 

2. Si and S 2 of Load Circuit are closed except 
where shown. 
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HIGH PERFORMANCE SCHOTTKY LOGIC 
LOW-POWER SCHOTTKY LOGIC 
8x8 PARALLEL MULTIPLIERS 


Am25S 

Am25LS 


4ERICAt DEVICE INDEX 
ICT10NAI INDEX 


BIPOLAR LSI/VLSI TECHNOLOGIES 
Am2900 SYSTEMS SOLUTIONS 
TRAINING MATERIALS 


DESIGN 

CONSIDERATIONS 
AND TRAINING 


32 BIT ARITHMETIC LOGIC UNIT 
MICRO INTERRUPTIBLE SEQUENCER 
32 BIT FLOATING POINT PROCESSOR 
32x32 MULTIPLIER 


Afn29300 32^BIT 
HIGH PERFORMANCE 
BUILDING BLOCKS 


Am2960/70 

MEMORY 

SUPPORT 


DYNAMIC MEMORY CONTROL 
MEMORY TIMING/CONTROL UNIT! 
ERROR DETECTION AND CORREC 


Am2900 
PROCESSORS 
AND PERIPHERALS 


BIT-SLICE PROCESSORS 
MICROCODE SEQUENCERS 
LSI PERIPHERALS 


16-BIT MICROPROCESSOR 
INTERRUPTIBLE SEQUENCERS 
LSI PERIPHERALS 


Am29100 

CONTROLLER 


Am29500 
ARRAY AND DIGITi 
SIGNAL PROCESSII 


16x16 PARALLEL MULTIPLIERS 
MULTIPORT PIPELINED PROCESSORS 
FFT ADDRESS SEQUENCERS 


8, 9, AND 10-BIT IMOX BUS INTERFi 
DIAGNOSTIC REGISTERS 
COMPARATORS 


Am29800 

HIGH PERFORMANCE 
BUS INTERFACE 


Am26S 

Am26LS 


HIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
DATA COMMUNICATIONS INTERFACE 


II 


8100 MOS MICROPROCESSOR SUPPORT PRODUCTS 

8200 FOR 8-8IT AND 16-BIT MICROPROCESSORS 


MEMORIES, PROMs, BIPOLAR RAMs, MOS STATIC RAMs 

PALS, 20-PIN AND 24-PIN PALs, 

MOS PERIPHERALS, MOS LSI PERIPHERALS 

ANALOG VERY HIGH SPEED DATA ACQUISITION 



PACKAGING, ORDERING INFORMATION 
TESTING, QUALITY ASSURANCE/GUAR/ 
GATE COUNTS, DIE SIZES, RELIABILITY 
INFORMATION ON MILITARY DEVICES 






Am25S and Am25LS 
Logic Family Index 

Am25S05 Four-Bit by Two-Bit Two's Complement Multiplier. 9-1 

Am25LS07/Am25LS08 Hex/Quad Parallel D Registers with Register Enable..9-8 

Am25S07/Am25S08 Hex/Quad Parallel D Register with Register Enable.9-13 

Am25LS09 Quad Two-Input, High-Speed Register.... . 9-20 

Am25S09 Quad Two-Input, High-Speed Register.......... 9-26 

Am25StO Four-Bit Shifter with Three-State Outputs.9-32 
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Advanced Micro Devices reserves the right to make changes In its products without 
notice in order to improve design or performance characteristics. The performance 
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Am25S05 

Four-Bit by Two-Bit Two's Complement Multiplier 


DISTINCTIVE CHARACTERISTICS 


• Provides 2's complement multiplication at high speed 
without correction. 

• Can be used in a combinatorial array or in a time 
sequenced mode. 


• Multiplies two 12-bit signed numbers in typically 115ns. 

• Multiplies in active HIGH (positive logic) or active LOW 
(negative logic) representations. 

• Reduced input loading as compared to Am2505. 


GENERAL DESCRIPTION 


The Am25S05 is a high-speed digi*3il multiplier that can 
multiply numbers represented in the 2's complement nota¬ 
tion and produce a 2's complement product without correc¬ 
tion. The device consists of a 4x2 multiplier that can be 
connected to form iterative arrays able to multiply numbers 
either directly, or in a time sequenced arrangement. The 
device assumes that the most significant digit in a word 
carries a negative weight, and can therefore be used in 
arrays where the multiplicand and multiplier have different 
word lengths. The multiplier uses the quaternary algorithm 
and performs the function S = XY + K where K is the input 
field used to add partial products generated In the array. At 
the beginning of the array the K inputs are available to add 
a signed constant to the least significant part of the 
product. Multiplication of an m bit number by an n bit 


number in an array results in a product having m + n bits so 
that all possible combinanons of product are accounted for. 
If a conventional 2's complement product is required the 
most significant bit can be ignored, and overflow conditions 
can be detected by comparing the last two product digits. 

A number of connection schemes are possible. Figure 1 
shows the connection scheme that results in the fastest 
multiply. If higher speed is required an array can be split 
into several parts, and the parts added with high-speed 
look-ahead carry adders. 

Provision is made in the design for multiplication in the 
active high (positive logic) or active low (negative logic) 
representations simply by reinterpreting the active level of 
the input operands, the product, and a polarity control P. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS14A 

8-Bit Serial/Parallel Multiplier 

Am25LS557/8 

8-Blt by 8-Bit Multiplier 

Am29516/7 

16-Bit by 16-Bit Multiplier 


0361OB 
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CONNECTION DIAGRAM 
Top View 


''cc V 1 Vq V, P kQ K, kj kj Sg $4 c„ . 

/nnnnnnnnnnnn 

I 24 23 22 2» 20 19 18 17 16 15 14 13 


•l 2 3 4 5 6 7 8 9 10 II 12 

uuuuuuuuuuuu 

*4 *3 *2 *1 *‘0 • I So S| $2 S3 GNO 

CD002010 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


ACTIVE LOW 

7654 3 1 19 18 17 16 


*«-1 HO 

H| »2 h 3 k 4 ko «1 k 2 k 3 

''0 

Am 25 S 05 

4 x 2 

'Tl 

2 's complement 

c„ 

multiplier Cn .4 

So 

Si Sj S3 S4 Sg 


TTTTTT 

8 9 10 II 14 15 




ACTIVE HIGH 


7 

1 

6 

I 

5431 19 18 

J J 1 1 1 1 

17 16 

1 1 


*0 

*1 *2 -.3 *4 kc «, 

»2 “3 

''0 


Am25S05 

4x2 


yf 


2's COMPLEMENT 


c„ 


multiplier 

Co*4 

p 

So 

Si S 2 S 3 S 4 

S5 


8 9 10 11 14 15 


LS000700 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S05 


C B 

Valid Combinations 

'—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25S05 

DC, DM 

FM 

— temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70°C) 
M - Military (-55X to +125X) 

I— Package 

D-24-pln CERDIP 
F-24-pln flatpak 
P-24-pin plastic DIP 
X- Dice 


Device type 
4-Blt by 2-Bit Multiplier 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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SWITCHiNG TIME TEST TABLE 


Input 

Outputs 

Inputs at OV (remaining inputs at 4.5V) 

Cn 

Cn-i- 4 . Soi 23 . S45 

P, Y.1, Yi, All X 

ko 

Cn + 4 . Soi 23 . S45 

P, Y.1, Yi, All X 

ki 

Cn + 4 . Si 23 . S45 

P, Y.1, Yi, All X 

k2 

Cn + 4 - S23, S45 

P, Y.1, Yi, All X 

k 3 

S3 

P, Y.1, Yi, All X 

k 3 

S45 

P, Y.1, Yi, All X, Cn 

X.1 

Cn-1-4. S0123. S45 

P, Yi, All k 

xo 

Cn-1-4. Soi 23 . S45 

P, Y.1, Yi, All k 

XI 

Cn + 4 . S-I 23 . S45 

P, Y.1, Yi, All k 

X2 

Cn + 4 . Si 23 . S45 

P, Y.1, Yi, All k 

X 3 

S3 

P, Y.1, Yi, All k 

X 3 

S45 

P, Y-i, Yi, All k, Cn 

X 4 

S45 

P, Yi, All k, Cn 

y-1 

Cn-f- 4 . So 123 . S45 

P, Xi, X2, X3, X4, All k 

yo 

Cn + 4 . So 123 . S45 

P. Xi, X2, X3, X4, All k 

yi 

Cn-i- 4 . Soi 23 . S45 

Xo, Xi, X2, X3, X4, All k 


DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used 
with Vcc to indicate high Vcc value. 

I Input. 

L LOW, applying to LOW logic level or when used with 
Vcc to indicate low Vcc value. 

O Output. 

FUNCTIONAL TERMS: 

Cn The carry input to the high-speed adder. 

Cn + 4 The carry output from the high-speed adder. 

Kt The constant field used for accumulating partial prod¬ 
ucts. i = 0, 1, 2, 3. At the beginning of the array the K 
field can be used to add a 2 's complement number to 
^e least significant half of the double length product. 

P The polarity control input. This Input must be at a low- 
logic level for numbers in the active high logic represen¬ 
tation, and held high for numbers in the active low logic 
representation. 

Si The product outputs, i = 0, 1, 2, 3, 4, 5. 

Xi The multiplicand inputs. i = -1, 0, 1, 2, 3, 4. At the 
first column of the array x_i must be held at logic 'O', 


and at the last column of the array X 4 is connected to 
X 3 . 

Yj The multiplier inputs, i = -1, 0, 1 . 

At the first row of the array Y_i must be held at logic 
'O'. 

OPERATIONAL TERMS: 

l|L Forward Input load current. 

lOH Output HIGH current, forced out of output In Vqh 

test. 

lOL Output LOW current, forced into the output in Vql 
test. 

Ice The current drawn by the device from Vcc power 
supply with input and output terminals open. 

I|H Reverse input load current. 

Negative Current Current flowing out of the device. 
Positive Current Current flowing into the device. 

V|H Minimum logic HIGH input voltage. 

V|L Maximum logic LOW input voltage. 

ViN Input voltage applied in Iil, Iih tests. 

Vqh Minimum logic HIGH output voltage with output 
HIGH current Iqh flowing out of output. 

Vql Maximum logic LOW output voltage with output LOW 
current Iql flowing into output. 


MSI INTERFACING RULES OPERATION TABLE 


Interfacing 

Digital Family 

Equivalent 
Input Unit Load 

HIGH 

LOW 

Advanced Micro Devices 54/7400 
Series 

1.25 

1.25 

Advanced Micro Devices 9300/2500 
Series 

1.25 

1.25 

FSC Series 9300 

1.25 

1.25 

Tl Series 54/7400 

1.25 

1.25 

Signetics Series 8200 

2.5 

2.5 

National Series DM 75/85 

1.25 

1.25 

DTL Series 930 

15 

1.25 


Y Multiplier 

Operation 

X Multiplicand 

Y-i 

Yo 

Yi 

0 

0 

0 

K + 0 

1 

0 

0 

K + X 

0 

1 

0 

K + X 

1 

1 

0 

K + 2X 

0 

0 

1 

K-2X 

1 

0 

1 

K-X 

0 

1 

1 

K-X 

1 

1 

1 

K-0 


Active Low Inputs and Outputs 
'1' = Low, 'O' = High, P = High 
Active High Inputs and_Outputs 
'1' = High, 'O' = Low, P = Low 
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Am25S05 


Am25S05 LOADING RULES IN UNIT LOADS 


Input/Output 


Input 

Unit Load 

Fan-out 

Input 

HIGH 

Input 

LOW 

Output 

HIGH 

Output 

LOW 

X4 

1 

0.2 

0.2 

- 

- 

Cn 

2 

0.2 

0.2 

- 

- 

X3 

3 

0.2 

0.2 

- 

- 

X2 

4 

0.4 

0.4 

- 

- 

X1 

5 

0.4 

0.4 

- 

- 

xo 

6 

0.4 

0.4 

- 

- 

x-i 

7 

0.2 

0.2 

- 

- 

So 

8 

- 

- 

20 

10 

Si 

9 

- 

- 

20 

10 

S 2 

10 

- 

- 

20 

10 

S 3 

11 

- 

- 

20 

10 

GND 

12 

- 

- 

- 

- 

Cn + 4 

13 

- 

- 

20 

10 

S 4 

14 

- 

- 

20 

10 

S 5 

15 

- 

- 

20 

10 

k3 

16 

2 

2 

- 

- 

k2 

17 

2 

2 

- 

- 

ki 

18 

2 

2 

- 

- 

ko 

19 

2 

2 

- 

- 

P 

20 

1 

1 

- 

- 

yi 

21 

0.6 

0.6 

- 

- 

yo 

22 

0.6 

0.6 

, - 

- 

y-i 

23 

0.6 

0.6 

- 

- 

Vcc 

24 

- 


- 

- 


A Schottky TTL Unit Load is defined as 50 /liA at 2.7V at the 
HIGH Logic Level and -2.0mA at 0.5V at the LOW Logic 
Level. 


USER NOTES 

1. Arithmetic in the multiplier is performed in the 2's comple¬ 
ment notation, which requires a carry in at the first stage. 
This is accomplished by connecting the Yj multiplier bit to 
the appropriate carry input terminal i = 1, 3, 5... 

2. The multiplier can perform multiplication in either the active 
high (positive logic) or active low (negative logic) represen¬ 
tations by reinterpreting the active logic jevel and by 
grounding or leaving the polarity control pin P open circuit 
respectively. 

3. Multiplication can be performed in number representations 
other than 2's complement by either correcting the 2's 
complement product or adding in a correction at the 
beginning of the multiplication at the K inputs. 2's comple¬ 
ment numbers are represented as: X 2 = x-Xs2^~^ 


Number 

Representation 

- -5 -^--- 

Correction 

2’s complement 

None 

Ts complement 

Add XsY 2 + y$X 2 + XsYs at K inputs 

Unsigned 

Extended multiplier and multiplicand one bit 

(Magnitude) 

at the least significant end. Form 
xovo + Vox + xoy with conditional adder and 
add to array shifted two places up at k in¬ 
puts. Force kg, Vs, Xg = 0. 

Sign magnitude 

Xs = 0, ys = 0 None 

Xs=1. ys = 0 Form[(XY )2 + 2";Jy] 
xg = 0. yg=1 Form[(XY )2 + 2"-1xi 
xs = 1. ys=1 Add2"-^x + y)-22"-2 


4. For the highest speed array with the multipliers arranged in 
a parallelogram structure carries between certain multipliers 
are exchanged with the y carry-ins needed for 2's comple¬ 
ment subtract. The delays in the array are then equalized as 
best possible as shown in Figure 1. 

5. For higher speed multiplication the array can be split into several 
parts that can be added together with high-speed adders. 

6. Rounding off to a single length product can be achieved by 
adding a ' 1' to the array at the most significant positive k 
input of the array, Ignoring the most significant product digit, 
and using the remainder of the most significant part of the 
product. 

7. Truncation of a product without round off enables some of 
the multipliers in the array to be removed. 


CONNECTION SCHEMES 



AF000820 


Figure 1 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature.-65®C to +150®C 

Temperature(Ambient) Under Bias. -55°C to +126®C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State....-0.5V to +Vcc max 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 



VOH 

Output HIGH Voltage 

Vcc = MIN,, Iqh “ -1 OmA 

V|N = V|H or V|L 

XM 

2.5 

3.3 


Volts 

XC 

2.7 

3.3 


VOL 

Output LOW Voltage 

Vcc = min.. IOL = 20mA 

V|N = V|H or V|L 


0.3 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0,8 

Volts 

l|L (Note 2) 

Unit Load 

Input LOW Current 

Vcc = max.. V(n = 0.5V 



-2.0 

mA 

I|H (Note 2) 

Unit Load 

Input HIGH Current 

Vcc = max., V|n = 2.7V 



50 

mA 

Input HIGH Current 

Vcc = max., ViN = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 

Vcc = max., VouT = O.OV 

-40 


-100 

mA 

icc 

Power Supply Current 

Vcc = max., Yi = .ov 


120 

175 

mA 


Note 1. Typical Limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Note 2. Actual input currents are obtained by multiplying unit load current by the input load factor (See loading rules). 


Commercial (C) Devices 

Temperature..0®C to +70®C 

Supply Voltage......+4.75V to +5.25V 

Military (M) Devices 

Temperature..-55®C to +i26®C 

Supply Voltage..+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Vcc = 5V. Ta = 25X, Cl = 15pF. Rl = 28012) 


Parameters 

From (Input) 

To (Output) 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 




4 

8 

12 


tpHL 

Cn 

<->0 + 4 


4 

9 

14 

ns 

tPLH 


So, 1,2,3 


6 

12 

18 


tPHL 

Cn 


5 

10 

15 

ns 

tPLH 




7 

15 

22 


tpHL 

Cn 

S4,5 


6 

13 

20 

ns 

IpLH 

Any k 



3 

6.5 

12 


tPHL 

Cn + 4 


5 

10 

15 

ns 

tpLH 

Any k 

So, 1,2,3 


6 

13.5 

20 


tpHL 


4 

9.5 

14 

ns 

IpLH 

Any k 

S4,5 


3 

15.5 

23 


tPHL 

See Test Table 

3 

12.5 

19 

ns 

tPLH 

Any X 


8 

17 

26 


tpHL 

Cn + 4 


9 

18 

27 

ns 

tPLH 

Any X 

So,1,2,3 


10 

21 

32 


tpHL 


10 

21 

32 

ns 

tpLH 

Any X 



6 

23.5 

35 


tpHL 

S4,5 


5 

21.5 

32 

ns 

tPLH 

Any y 



11 

23 

34 


tPHL 

Cn + 4 


10 

20 

30 

ns 

tPLH 

Any y 

So, 1,2,3 


11 

23 

34 


tpHL 


11 

23 

34 

ns 

IPLH 

Any y 

S 4.5 


12 

25 

37 


tpHL 


12 

25 

37 

ns 
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Am25LS07/Am25LS08 

Hex/Quad Parallel D Registers with Register Enable 




DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit parallel registers • Am25LS D.C. parameters Including; 

• Common Clock and Common Enable Vql = 0.45V at Iql “ 8mA 

• Positive edge triggered D flip flops Fah-out over military range = 22 

• Second sourced by Tl as 54LS/74LS378 and 379 440pA source current 


GENERAL DESCRIPTION 


The Am25LS07 is a 6-bit Low Power Schottky register with 
a buffered common register enable. The Am25LS08 is a 4- 
bit register with a buffered common register enable. The 
devices are similar to the Am54LS/74LSl74 and Am54LS/ 
74LS175 but feature the common register enable rather 
than common clear. 


Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D Inputs is stored in the 
register on the positive going edge of the clock pulse. 
When the enable is HIGH, the register will not change state 
regardless of the clock or data input transitions. 


BLOCK DIAGRAM 

Am25LS07 



BD001450 


Am25LS08 



Qq Qq ^1 ^2 *^2 ^3 


BD001520 


RELATED PRODUCTS 


Part No. 

Description 

Am2918 

Quad D Register 

Am2919 

Quad D Register 


i. 


03699B 
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CONNECTION DIAGRAM 
Top View 


Am25LS07 


^cc % D5 D4 Q4 D3 Q3 CP 

nnnnnnnn 


16 15 14 13 12 11 10 

Am25LS07 


Am25LS08 

'^CC C3 5'3 D3 D2 02 ^2 CP 

nnnnnnnn 


2 3 4 5 6 7 8 

'Ll U U LJ U U U U 

E Qq Dq Di Q, D2 Q2 GND 

CD001730 


16 15 14 13 12 11 10 

Am25LS08 

6 7 


uuuuUUUU 

E Qq Qq Dq Di 5i Qi GND 

CD001720 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


Am25LS07 


Am25LS08 


1 

34 6 11 13 

Mill 

14 

1 


E 

Do Di 02 03 D4 

05 

^^ 


Am25LS07 




6-BIT REGISTER 




QO Qi Q2 C3 O4 

05 


.LA. : . J .. 


2 5 7 10 12 15 

LS000630 


Do Di D2 D3 

Am25LS08 
4-BIT REGISTER 

Qq Q\ Q2 Q3 

TTTTTTTT 

3 2 6 7 n 10 14 15 

LS000640 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS07/08 


’—Screening Option 

Blank - Standard processing 
B - Burn-in 

•—Temperature (See Operating Range) 
C -Commercial (0®C to H-yO^C) 

M - Military (-55X to +125X) 

'— Package 

D- i 6-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Valid Combinations 

Am25LS07/08 

PC 

DC, DM 

FM 

XC, XM 


Device type 

Hex/Quad Parallel D Registers 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

r/0 

Deacription 


Di 

I 

The D flip-flop data inputs. 

1 


I 

Enable. When the enable Is LOW, data on the Dj inputs is transferred to the Qj outputs on the LOW- 
to-HIGH clock transition. When the enable Is HIGH, the Qj outputs do not change regardless of the 
data or clock input transitions. 

9 

CP 

I 

Clock. Pulse for the register. Enters data on the LOW-to-HIGH transition. 


Qi 

0 

The TRUE register outputs. 


Qi 

0 

The complement register outputs. 


FUNCTION TABLE 


Inputs 

Outputs 

E 

Dj 

CP 

Qi 

3i 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

T 

L 

H 

L 

H 

T 

H 

L 


H = HIGH NC = No Change T = LOW-to-HlGH Transition 
L = LOW X = Don't Care Qi on Am25LS08 Only 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65®C to +150"C 

Temperature (Ambient) Under Bias.-55X to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

— 

Max 

Units 

VOH 

output HIGH Voltage 

Vcc ” MIN., Iqh ~ -440iuA 

V|N ViH or V|L 

COM'L 

2.7 

3.4 


Volts 

MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

Iql = 4mA 



0.4 

Volts 

Iql = 8 fTiA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

COM'L 



0.8 

Volts 

MIL 



0.7 

V| 

Input Clamp Voltage 

Vcc = min., l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max.. V|n = 0.4V 

Clock, E 



-0.36 

mA 

Others 



-0.24 

l|H 

Input HIGH Current 

Vcc = max., V|n = 2.7V 

Clock, E 



20 

mA 

Others 



14 

l| 

Input HIGH Current 

Vcc = max., V|n = 7.0V 



0.1 

mA 

•sc 

Output Short Circuit Current 
(Notes) 

Vcc = max. 

-15 


-85 

mA 

icc 

Power Supply Current 

Vcc = max. (Note 4) 

LS07 


16 

22 

mA 

LS08 


11 

18 


Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125‘’C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta=+25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Clock to Output 

Cl*15pF 

Rl = 2.0kJ2 


13 

20 

ns 

tPHL 

Clock to Output 


13 

20 

ns 

fpw 

Clock Pulse Width 

17 



ns 

fs 

Data 

20 



ns 

ts 

Enable 

30 



ns 

th 

Data 

5.0 



ns 

fh 

Enable 

5.0 



ns 

fmax (Note 1) 

Maximum Clock Frequency 

40 

65 


MHz 


Note 1. Per industry convention, f^ax the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width 
or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless othen/vise specified* 


Parameters 

Description 

Test Conditions 

Mil 


Units 


||||[QQ^||^[[|||^ 





tPLH 

Clock to Output 



|[|||Q(|||| 


K9i 

ns 

tpHL 

Clock to Output 



30 


HESi 

ns 

tpw 

Clock Pulse Width 




m 


ns 

ts 

Data 

Cl “ 50pF 

HEEH 


35 


ns 

ts 

Enable 

Rl * 2.0kl2 

43 


50 


ns 

th 

Data 


11 


12 


ns 

th 

Enable 


11 


mm 


ns 

fmax (Note 1) 

Maximum Clock Frequency 


HEEH 


— 


WBSSBMi 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



1C000180 


Note: Actual current flow direction shown. 
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Am25S07/Am25S08 

Hex/Quad Parallel D Registers with Register Enable 


DISTINCTIVE CHARACTERISTICS 

• 4-bit and 6-bit high-speed parallel registers • Positive edge triggered D flip-flops 

• Common clock and common enable 


GENERAL DESCRIPTION 


The Am25S07 is a 6-bit, high-speed Schottky register with a 
buffered common register enable. The Am25S08 is a 4-bit 
register with a buffered common register enable. The 
devices are similar to the Am54S/74S174 and Am54S/ 
74S175 but feature the common register enable rather than 
common clear. 


Both registers will find application in digital systems where 
information is associated with a logic gating signal. When 
the enable is LOW, data on the D inputs is stored in the 
register on the positive going edge of the clock pulse. 
When the enable is HIGH, the register will not change state 
regardless of the clock or data input transitions. 


BLOCK DIAGRAM 

Am25S07 



BD001450 


Am25S08 



Qq Qq ^2 ^2 ^3 ^3 


BD001520 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS07/08 

Low Power Versions 

Am2918 

Quad D Register 

Am2919 

Quad Register 

Am29821 -26 

8, 9, 10-Bit Register 


03702B 
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Am25S07/Am25S08 


LOGIC SYMBOL 
Am25S07 


CONNECTION DIAGRAM 
Top View 

Am25S07 


Vcc Q5 “5 ^4 Q4 O3 Q3 CP 

n n n n n n n n 

16 15 14 13 12 11 10 9 I 



'IJ u u u u u u u 

E Qq Oq 0^ O2 Q2 GND 

CD001680 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 

Am25S07 



E 


vcc 


Qo 

Do 

Dl 

Ql 

D2 

Q2 


Q5 

D5 

D4 

Q4 

D3 

Q3 


GND 


CP 



DIE SIZE: 0.070' x 0.083" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S07/08 D 


C B 

Valid Combinations 

1—-Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25S07/08 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0°C to +70°C) 
M - Military (-55°C to +125°C) 


'— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 

Device type 
Hex/Quad D Registers 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25S07/Am25S08 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


0\ 

1 

The D flip-flop data inputs. 

1 

E 

1 

Enable. When the enable Is LOW, data on the Dj Inputs is transferred to the Qj outputs on the LOW- 
to-HIGH clock transition. When the enable Is HIGH, the Qj outputs do not change regardless of the 
data or clock input transitions. 

9 

CP 

1 

Clock Pulse for the register. Enters data on the LOW-to-HIGH transition. 


Qi 

0 

The TRUE register outputs. 


Qi 

0 

The complement register outputs. 


FUNCTION TABLE 


inputs 


E 

D| 

CP 


ISI 

H 

X 

X 

■1 

WM 

L 

X 

H 

HH 

BH 

L 

X 

L 

NC 

NC 

L 

L 

T 

L 

H 

L 

H 

T 

H 

L 


H = HIGH f = LOW-to-HIGH Transition 

L = LOW r^C = No Change 

X = Don't Care Qi on Am25S08 Only 
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Am25S07/Am25S08 


ABSOLI 4 TE MAXIMUM RATINGS 

Storage Temperature......-65®C to +150®C 

Temperature (Ambient) Under Bias...“55®C to +125®C 

Supply Voltage to Ground Potential 

^ (Pin 16 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..0.5V to +Vcc niax 

DC Input Voltage. .-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current. ..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 





VOH 

Output HIGH Voltage 

Vcc~MIN., loH““1rnA 

ViN ^ V|H or V|L 

xc 

2.7 

3.4 


Volts 

XM 

2.5 

3.4 


VoL 

Output LOW Voltage 

Vcc = MIN.. loL = 20 mA 

V|N = ViH or V|L 



0.5 

Volts 

V|H 

Input HIGH Level « 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage v. 

Vcc = min., l|N = -18mA 



-1.2 

Volts 

l|L 

(Note 3) 

Unit Load 

Input LOW Current 

Vcc = max., V|n = 0.5V 



-2 

mA 

I|H 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc = max., ViN - 2.7V 



50 

juA 

l| 

Input HIGH Current 

Vcc “ max., V|n = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 4) 

Vcc = max. 

-40 


-100 

mA 

icc 

Power Supply Current 
(Note 5) 

Vcc == max. 

S07 


90 

144 

mA 

SOS 


60 

96 


Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN, or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Outputs open; enable grounded; data inputs at 4.5V, measured after a momentary ground, then 4.5V applied to the clock input. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage......+4.75V to + 5.25V 

Military (M) Devices 

Temperature...- 55®C to +125®C 

Supply Voltage. .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWrTCHING CHARACTERrSTICS (T^-+25^C) 


Parameters Description 


tpLH Clock to Output 

tpHL Clock to Output 

tpw Clock Pulse Width 

ts Data 

ts Enable 

th_ Data _ 

th Enable 


Test Conditions 


Vcc = 5.0V, Cl = 15 pF, Rl = 280 ^ 


Am25S07 LOADING RULES 
(In STTL Unit Loads) 


Am25S08 LOADING RULES 
(In STTL Unit Loads) 


Pin Input 

Input/Output Nos. Unit Load 


20 10 


Qo 

2 

- 

Qo 

3 


Do 

4 

1 


Qi 

7 

- 

GND 

8 

- 

CP 

9 

1 

Q2 

10 

- 

Q 2 

11 

- 



A Schottky TTL Unit Load is defined as 50/uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 


DRIVING OUTPUT I DRIVEN INPUT 



IC000150 

Note: Actual current flow direction shown. 
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An125LS09 


Am25LS09 

Quad Two-Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 


• 4-bit register accepts data from one-of-two 4-bit input 
fields 

• Edge triggered clock action 

• Second sourced by T.l. as 54LS/74LS399 


Am25LS D.C. parameters including; 

- VoL “ 0.45V at Iql = 

- Fan-out over military range = 22 

- 440jLiA source current 


GENERAL DESCRIPTION 


The Am25LS09 is a dual port four-bit register using 
advanced Low Power Schottky technology to reduce the 
effect of transistor storage time. The register consists of 
four D flip-flops with a buffered common clock, and a two- 
input multiplexer at the input of each flip-flop. A common 
select line, S, controls the four multiplexers. Data on the 


four inputs selected by the S line is stored in the four flip- 
flops at the clock LOW-to-HIGH transition. When the S 
input is LOW, the DjA input data will be stored in the 
register. When the S input Is HIGH, the Dje input data will 
be stored in the register. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25S09 

High Speed Register 

Am25S07/08 

6/4-Bit Registers 

Am25LS07/08 

6/4-Bit Low Power Registers 
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CONNECTION DIAGRAM 
Top View 


Vcc Q3 D3A £>38 £>28 £>2A £>2 C** 

nnnnnnnn 



UUUuULllJLJ 

Qq DqA £>08 £>18 £>1A <>1 GNO 

CD001740 


Note; Pin 1 is marked 

LOGIC SYMBOL 


3 4 6 5 11 12 14 13 



for orientation 

METALLIZATION AND PAD LAYOUT 


s 1-— ^-16 Vcc, 



DIE SIZE 0.075" x 0.061" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS09 


C B 

Valid Combinations 

I— Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25LS09 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70X) 
M - Military (-55X to +125X) 


•— Package 

D-16-pln CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 

Device type 

Quad Two-Input, High-Speed Register 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device is currently available in the 
combination you wish. 
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Am25LS09 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

3, 6, 11, 

14 

Dqa. 

Dia. 

D2A. 

Dsa 

1 

The "A" word into the two-input multiplexer of the D flip-flops. 

4, 5, 12, 

13 

Dob. 

Dib. 

D2B. 

Dob 

1 

The "B" word into the two-input multiplexer of the D flip-flops. 


Qq. Qi. 
Q2. Q 3 

0 

The outputs of the four D-type flip-flops of the register. 

1 

S 

1 

Select. When the select is LOW, the A word is applied to the D inputs of the flip-flops. When the 
select is HIGH the B word is applied to the D inputs of the flip-flops. 

9 

CP 

1 

Clock Pulse. Clock pulse for the register. Enters data on the LQW-to-HIGH transition of the clock line. 


FUNCTION TABLE 


SELECT 

S 

CLOCK 

CP 

DATA 

Dia 

INPUTS 

Dib 

OUTPUT 

Qi 

L 

T 

L 

X 

L 

L 

T 

H 

X 

H 

H 

f 

X 

L 

L 

H 

T 

X 

H 

H 


H == HIGH Voltage Level L = LOW Voltage Level 
X = Don't Care i =0, 1, 2, or 3 

t = LOW-to-HIGH Transition 


, 03701B 
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APPLICATIONS 


CLOCK 

LOAD/R6CIRCULATE 
STATIC TEST/OPERATE 



AF001210 

Am25LS09 used in 258x4 memory system with load/recirculate control, and 1 x4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single 
step operation for testing purposes. 


WORD A WORDS 



WORDS 

AF001220 


Am25LS09 used to store a word from either data bus A or data bus B. 
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Am25LS09 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature.;.-65X to +150®C 

Temperature (Ambient) Under Bias.-55®C to +125*G 

Supply Voltage to Ground Potential 

(Pin 6 to Pin 8) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to Vcc 

DC Input Voltage..-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 



Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min.. IoH = -440/liA 

V|N = V|H or V|L 

COM’L 

2.7 

3.4 


Volts 

MIL 

2.5 

3.4 


VOL 

Output LOW Voltage 

Vcc » min. 

V|N = V|H or V|L 

Iql * 4mA 



0.4 

Volts 

Iql ® 8mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = MIN., I|N = - 18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max., V|n = 0.4V 

Clock, S 



-0.36 

mA 

Others 



-0.24 

IlH 

Input HIGH Current 

Vcc = max., V|N = 2.7V 

Clock, S 



20 

UA 

Others 



14 

h 

Input HIGH Current 

Vcc = max., V|n = 7.0V 



0.1 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

Icc 

Power Supply Current 

Vcc = max. (Note 4) 


11 

18 

mA 


Notes: 1. Typical limits are at Vcc “ 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Measured with Select and Clock Inputs at 4.5V: all data inputs at OV; all outputs open. 


Commercial (C) Devices 

Temperature......0°C to + 70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature......-55^ to +125®C 

Supply Voltage. .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta=+25X. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Q HIGH 

Cl= 15pF, 

Rl = 2.0kn 


13 

20 

ns 

tpHL 

Clock to Q LOW 


13 

20 

ns 

fpw 

Clock Pulse Width 

17 



ns 

Is 

Data Set-up Time 

20 



ns 

fs 

Select Input Set-up Time 

30 



ns 

th 

Data Hold Time 

5 



ns 

th 

Select Input Hold Time 

0 



ns 

fmax (Note 1) 

Maximum Clock Frequency 

40 

65 


MHz 


Note 1. Per industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on V, tf, pulse width 
or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 





COMMERCIAL 

MILITARY 





Am25LS 

Am25LS 


Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 

Units 

tpLH 

Clock to Q HIGH 



30 


35 

ns 

tPHL 

Clock to Q LOW 



30 


35 

ns 

Ipw 

Clock Pulse Width 


26 


30 


ns 

fs 

Data Set-up Time 

Cl = 50pF 

30 


35 


ns 

ts 

Select Input Set-up Time 

Rl = 2.0kn 

43 


50 


ns 

th 

Data Hold Time 


11 


12 


ns 

th 

Select Input Hold Time 


4 


5 


ns 

tmax (Note 1) 

Maximum Clock Frequency 


30 


25 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000180 


Note: Actual current flow direction shown. 
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Am25S09 


Am25S09 

Quad Two-Input, High-Speed Register 


DISTINCTIVE CHARACTERISTICS 

• Four-bit register accepts data from one of two 4-bit input • High-speed Schottky technology. 

fields. • Electrically tested and optically inspected dice for the 

• Edge-triggered clock action assemblers of hybrid products. 


GENERAL DESCRIPTION 


The Am25S09 is a dual port high-speed, four-bit register 
using advanced Schottky technology to reduce the effect of 
transistor storage time. The register consists of four D flip- 
flops with a buffered common clock, and a two-input 
multiplexer at the input of each flip-flop. A common select 
line, S, controls the four multiplexers. Data on the four 


inputs selected by the S line is stored in the four flip-flops at 
the clock LOW-to-HIGH transition. When the S input is 
LOW, the DjA input data will be stored in the register. When 
the S input is HIGH, the Dje input data will be stored in the 
register. 


BLOCK DIAGRAM 


DqA ^OB Dia DiB D2a D2B D3A D3B 



Qq Qi ^2 Q 3 

BD001500 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS09 

Low Power Version 

Am25S07/08 

6/4-Bit Register 

Am25LS07/08 

6/4-Bit Low Power Register 


03700B 


9-26 


Refer to Page 13-1 for Essential Information on Military Devices 




CONNECTION DIAGRAM 
Top View 

'^CC ^3 °3A O3B °2B °2A ^2 CP 

nnnnnnnn 


13 12 11 10 9 


UUuuuuuu 

^ ^0 ‘^OA ^OB ^1B •^lA ^1 

CD001700 

Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


3 4 6 5 11 12 14 13 


METALLIZATION AND PAD LAYOUT 




DIE SIZE: 0.067" x 0.073" 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S09 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25S09 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70°C) 
M - Military (-55®C to +125X) 

- Package 
D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 

Quad Two-Input, High-Speed Register 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25S09 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

3 

DoA. 

1 

The "A" word into the two-input multiplexer of the D flip-flops. 

6 

Dia. 



11 

D2A. 



14 

D3A 



■91 

|J■9lii 

n 

The "B" word into the two-input multiplexer of the D flip-flops. 









■IQH 


■ 

1 ■ ■ ■ 

■n 


o 

The outputs of the four D-type flip-flops of the register. 

■m 




1 


1 

Select. When the select is LOW, the A word is applied to the D inputs of the flip-flops. When the 
select Is HIGH, the B word is applied to the D inputs of the flip-flops. 

9 

CP 

1 

Clock Pulse. Clock pulse for the register. Enters data on the LOW-to-HIGH transition of the clock line. 


FUNCTION TABLE 


SELECT 

S 

CLOCK 

CP 

DATA 

Dia 

INPUTS 

DiB 

OUTPUT 

Q| 

L 

t 

L 

X 

L 

L 

T 

H 

X 

H 

H 

t 

X 

L 

L 

H 

T 

X 

H 

H 


H = HIGH Voltage Level L = LOW Voltage Level 

X = Don't Care i = 0, 1, 2, or 3 

T = LOW-to-HIGH Transition 
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CLOCK 

LOAD/RECIRCULATE 
STATIC TEST/OPERATE 


APPLICATIONS 



Am25S09 used in 258 x 4 memory system with load/recirculate control, and 1 x 4 static test capability for the system. MOS 
interface is one load at each end. This circuit is especially useful in digital filtering where special algorithms require a static single 
step operation for testing purposes. 


OOA OlA 02A 03A DoB 0 ,b 028 O3B 
S 

Am25S09 

CP 

Qq Qi Q2 Q 3 


D(JA Oia D2a D3a Oob Ojb O 2B D36 
S 

Am25S09 

CP 

QO Ql 02 Q3 


I OoA Oia 02A 03 A Doe OiB 

D2B 038 

s 

Am25S09 


Qo 

0, 02 

03 


AF000770 

Am25S09 used to store a word from either data bus A or data bus B. 


03700B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am25S09 



60S92UJV 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature.-65®C to +150®C 

Temperature (Ambient) Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous..-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State...-0.5V to +Vcc max 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Notel) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc ~ min, Iqh “ “ 1 OmA 

V|N = V|H or V|L 

COM'L 

2.7 

3.4 


Volts 

MIL 

2.5 

3.4 


VoL 

Output LOW Voltage 

Vcc ^ min, IOL = 20mA 

V|N = V|H or V|L 


0.3 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 

Voltage for all inputs 

2.0 



Volts 

Vil' 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.2 

Volts 

l|L 

(Note 3) 

Input Load 

Input LOW Current 

Vcc = max, V|n = 0.5V 



-2 

mA 

l|H . 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



50 

mA 

h 

Input HIGH Current 

Vcc = max, V|n = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 4) 

Vcc = max 

-40 


-100 

mA 

Icc 

Power Supply Current 

Vcc = MAX (Note 5) 


75 

120 

mA 


Notes: 

1. Typical limits are at Vcc = 5.0V, 25X ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Actual input currents = Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Measured with Select and Clock inputs at 4.5V; all data inputs at OV; all outputs open. 

SWITCHING CHARACTERISTICS (Ta = +25X) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Q HIGH 

Vcc = 5.0V, Cl=15pF, 
Rl = 280^2 


8 

12 

ns 

tpHL 

Clock to Q LOW 


11.5 

17 

ns 

Ipw 

Clock Pulse Width 

7 



ns 

ts 

Data Set-up Time 

5.5 



ns 

ts 

Select Input Set-up Time 

10 



' ns 

th 

Data Hold Time 

3 



ns 

th 

Select Input Hold Time 

3 



ns 


Commercial (C) Devices 

Temperature.....0°C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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LOADING RULES (In Unit Loads) 





Fan 

-out 


Pin 

Input 

Output 

Output 

Input/Output 

Nos. 

Unit Load 

HIGH 

LOW 

S 

1 

1 

- 

- 

Qo 

2 

- 

20 

10 

Doa 

3 

1 

- 

- 

Dob 

4 

1 

- 

- 

Dib 

5 

1 

- 

- 

Dia 

6 

1 

- 

- 

Qi 

7 

- 

20 

10 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

02 

10 

- 

20 

10 

D2A 

11 

1 

- 

- 

Q2B 

1 

1 

- 

- 

Dob 

13 

1 

- 

- 

Doa 

14 

1 

- 

- 

Q3 

15 

- 

20 

10 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as SOjuA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000150 

Note; Actual current flow direction shown 
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Am25S10 


Am25S10 

Four-Bit Shifter with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Shifts 4-bits of data to 0,1, 2 or 3 places under control • 6.5ns typical data propagation delay 

of two select lines. • Alternate source Is 54S/74S350 

• Three-state outputs for bus organized systems. 


GENERAL DESCRIPTION 


The Am25S10 Is a combinatorial logic circuit that accepts a 
four-bit data word and shifts the word 0, 1, 2 or 3 places. 
The number of places to be shifted is determined by a two- 
bit select field Sq and Si. An active-LOW enable controls 
the three-state outputs. This feature allows expansion of 
shifting over a larger number of places with one delay. 


By suitable interconnection, the Am25S10 can be used to 
shift any number of bits any number of places up or down. 
Shifting can be logical, with logic zeroes pulled in at either 
or both ends of the shifting field; arithmetic, where the sign 
bit is repeated during a shift down; or end around, where 
the data word forms a continuous loop. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am2901 

Bit Slice ALU 

Am2903 

Superslice 

Am29501 

Multiport Pipeline Processor 
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CONNECTION DIAGRAM 
Top View 


D-16, P-16 L-20-1 




Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


1 2 3 4 5 6 7 




ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number Is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S10 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 


DC, DM 

B - Burn-in 

Am25S10 

LC, LM 

— Temperature (See Operating Range) 


FM 

C -Commercial (0®C to +70®C) 


XC, XM 


M - Military (-55°C to +125X) 


'— Package 

D-16-pin CERDIP 
F- 16-pin flatpak 
L-20-pin leadless chip carrier 
P-16-pln plastic DIP 
X- Dice 

Device type 

4-Bit Shifter with Three-State Outputs 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25S10 


PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


li 

1 

The seven data Inputs of the shifter. 

13 

5e 


Enable. When the enable is HIGH, the four outputs are In the high impedance state. When the enable 
is LOW, the selected Ij inputs are present at the outputs. 

10, 9 


n 

Select inputs. Controls the number of places the inputs are shifted. 




The four outputs of the shifter. 


LOGIC EQUATIONS 


Yo = §oSilo+ S0S1L1+S0S1 1-2+ S0S1L3 
Yi=SoSili,+ S0S1I0 + S0S1 l-i + S0S1L2 


Y2 = §oSil2+ S0S1I1+S0S1 I0+ SoS-jL-i 


Y 3 = So§il 3 + S0S1I2 + S0S1 li + SqS-iIo 


TRUTH TABLE 


H = HIGH X = Don’t Care 

L = LOW Z = High Impedance State 


Dn at input In may be either HIGH or LOW and output Ym 
will follow the selected Dp input level. 


A Schottky TTL Unit Load is defined as SOjuA at 2.7V at the 
HIGH and -2.0mA at 0.5V at the LOW. 

Note 1. The fan-in on 1 . 2 , l-i, Iq. h and I 2 will not exceed 
1.5 Unit Loads when measured at V|l = 0.5V. As V|l is 
decreased to a OV, the input current I|l MAX. increases to 
-4, -6, -8, -6 and -4mA respectively due to the decrease 
in current sharing with the internal select buffer outputs. 


ol 

Si 

So 

>3 

>2 

l 1 

Iq 1-1 1-2 1-3 

Y 3 Y 2 Yi Yo 

H 

X 

X 

X 

X 

X 

X X X X 

Z 2 2 Z 

L 

L 

L 

D 3 

D 2 

Di 

Do X X X 

D 3 D 2 Di Do 

L 

L 

H 

X 

D 2 

Di 

Do D .1 X X 

D 2 Di Do D .1 

L 

H 

L 

X 

X 

Di 

Do D .1 D .2 X 

Di Do D .1 d .2 

L 

H 

H 

X 

X 

X 

Do D .1 D .2 D .3 

Do D .1 d .2 D .3 


LOADING RULES (In Unit Loads) 


input/Output 

Pin 

Nos. 

Input 

Unit Load 
(Note 1) 

Fan-out 

Output 

HIGH 

Output 

LOW 

XM 

xc 

1-3 

1 

1 

- 

- 

- 

1-2 

2 

1.5 

- 

- 

- 

1-1 

3 

1.5 

- 

- 

- 

lo 

4 

1.5 

- 

- 

- 

h 

5 

1.5 

- 

- 

- 

I 2 

6 

1.5 

- 

- 

- 

I 3 

7 

1 

- 

- 

- 

GND 

8 

- 

- 

- 

- 

Si 

9 

1 

- 

- 

- 

So 

10 

1 

- 

- 

- 

Y 3 

11 

- 

40 

130 

10 

Y2 

12 

- 

40 

130 

10 

m 

13 

1 

- 

- 

- 

Yi 

14 

- 

40 

130 

10 

Yo 

15 

- 

40 

130 

10 

Vcc 

16 

- 


- 

- 
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NO SHIFT 

SHIFT END AROUND 1 
SHIFT END AROUND 2 
SHIFT END AROUND 3 
SHIFT END AROUND 4 
SHIFT END AROUND 5 
SHIFT END AROUND 6 
SHIFT END AROUND 7 


8 -Bit End Around Shift 0, 1, 2, 3, 4, 5, 6, 7 Places 


_So ' 

2 1-1 >0 h '2 

'3 

2 '-1 '0 'l <2 '3 ^ 1-3 ' 

2 '-1 'O 'l '2 '3 

Si 

Am2SS10 

Si 

Am25S10 - Si 

Afn26S10 

r-O OE 


OE 

1-0 OE 


± 

Y, Y2 

7 r "0 

Yl Yj Y3 I Yo 

Yl Y2 Y3 


1 1 

1 . - 

1 , ^1-..^... 

n — T — 


13-Bit 2's Complement Scaler 
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Am25S10 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature..-65®C to +150®C 

(Ambient) Temperature Under Bias.-55X to 4-125X 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltag^ Applied to Outputs For 

High Output State ....-0.5V to +Vcc max 

DC Input Voltage..-0.5V to +5.5V 

DC Output Current, Into Outputs.....30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.O^C to +70‘’C 

Supply Voltage.4.75V to + 6.25V 

Military (M) Devices 

Temperature.....-55°C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define thosb limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ min. 

V|N *= V|H or V|L 

XM loH“-2mA 

2.4 

3.4 


Volts 

XC loH = -6.5mA 

2.4 

3.2 


VoL 

Output LOW Voltage 

Vcc = MIN., Iql “ 20 mA 

V|N » V|H or V|L 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “MIN., l|N“-18mA 



-1.2 

Volts 

l|L 

(Note 3) 

Unit Load 

Input LOW Current 

Vcc “ max., V|n - 0 .5V 



-2.0 

mA 

l|H 

(Note 3) 

Unit Load 

Input HIGH Current 

Vcc “ max., yiN = 2.7V 



50 

HA 

'o 

Off State (High Impedance) 

Output Current 

Vcc “ max. 

Vo “2.4V 



50 

ma 

Vo “ 0.5V 



-50 

l| 

Input HIGH Current 

Vcc “ max., V|n “ 5 .5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 4) 

Vcc “ max., VouT “ O.OV 

-40 I 


-100 

mA 

icc 

Power Supply Current 

Vcc “ MAX., All outputs open. 

All Inputs-GND 

, 

60 

85 

mA 


Notes: 1. 
2 . 

3. 

4. 


Typical limits are at Vcc “ 5.0V, 25*C ambient arid maximum loading. 

For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device 
Actual input currents Unit Load Current x Input Load Factor (See Loading Rules). 

Not more than one output should be shorted at a time: Duration of the short circuit test should not exceed one second. 

PERFORMANCE CURVES 
SWITCHING CHARACTERISTICS 


type. 


Data to Output 
(Typical) 


Select to Output 
(Typical) 


1 

__ 


□ 










“=1 




























-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE - “C 

OP001390 



-75 -50 -25 0 25 50 75 100 125 

Ta - AMBIENT TEMPERATURE - “C 

OP001400 
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SWITCHING CHARACTERISTICS (Ta==+25X) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Data Input to Output 

Vcc = 5.0V. Cl = 15pF, Rl = 280 n 


5 

7.5 

ns 

tPHL 


8 

12 

tPLH 

Select to Output 


11 

17 

ns 

tPHL 


13 

20 

tZH 

Output Control OC to Output 



19.5 

ns 

tZL 



21 

tHZ 

Output Control 5 e to Output 

Vcc * 5V. Cl » 5pF. Rl - 280n 


5 

8 

ns 

tLZ 


10 

15 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 
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Am25LS14A 

8-Bit Serial/Parallel Two's Complement Multiplier 


DISTrNCTIVE CHARACTERISTICS 


• Two's complement multiplication without correction 

• Magnitude only multiplication 

• Cascadable for any number of bits 

• 8-bit parallel multiplicand data input 


• 50MHz minimum clock frequency 

• Second sourced by T.l. as the SN64LS/74LS384 

• IMOX^*'^ process with ECL internal 


GENERAL DESCRIPTION 


The Am25LS14A is an 8-bit by 1-bit sequential logic 
element that performs digital multiplication of two numbers 
represented in two's complement form to produce a two's 
complement product without correction. The device ac¬ 
cepts an 8-bit multiplicand (X iriput) and stores this data in 
eight internal latches. The X latches are controlled via the 
clear input. When the clear input is LOW, all internal flip- 
flops are cleared and the X latches are opened to accept 
new multiplicand data. When the clear input is HIGH, the 
latches are closed and are Insensitive to X Input changes. 

The multiplier word data is passed by the Y input in a serial 
bit stream - least significant bit first. The product Is clocked 
out the S output least significant bit first. 


The multiplication of an m-bit multiplicand by an n-bit 
multiplier results in an m + n bit product. The Am26LS14A 
must be clocked for m + n clock cycles to produce this 
two's complement product. Likewise, the n-bIt multiplier (Y- 
input) sign bit data must be extended for the remaining m- 
bits to complete the multiplication cycle. 

The device also contains sl K input so that devices can be 
cascaded for longer length X words. The sum (S) output of 
one device is connected to the K input of the succeeding 
device when cascading. Likewise, a mode input (M) is used 
to indicate which device contains the most significant bit. 
The mode input is wired HIGH or LOW depending on the 
position of the 8-bit slice in the total X word length. 


BLOCK DIAGRAM 



BD001650 


IMOX is a trademark of Advanced Micro Devices. 
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CONNECTION DIAGRAM 
Top View 


’‘sC 2 
5<2CI 3 
X1C4 

_ Am2 

KoC S 
sQ 6 

CP[^ 7 
GNOQ 8 


D'^CC 

.6^V 
14 DX, 
13 □Xs 
12 □X^ 

11 IIX7 
10 

9 3 ]m 


CD001800 

Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


11 12 13 14 2 3 4 


METALLIZATION AND PAD LAYOUT 




16 Vc, 
15 Y 


14 X4 
13 X5 
12 Xg 


11 


10 K 
9 M 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS14A 


B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

-Temperature (See Operating Range) 
C -Commercial (OX to +70X) 

M - Military (-55X to +125X) 


Valid Combinations 

Am25LSl4A 

PC 

DC, DM 

FM 

XC, XM 


'— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 
8-Bit Multiplier 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25LS14A 


PIN DESCRIPTION 


Name 

I/O 

Description 


Xo, Xi. 

X2. X3. 

X4, Xs. 

Xe. X7 

■ 

The eight data inputs for the multiplicand (X) data. 

15 

Y 

1 

The serial input for the multiplier (Y) data 

—least significant bit first. j 

6 

s 

0 

The serial output for the product of X • Y—least significant bit first. 

7 


1 

Clock. The buffered common clock Input for the serial/parallel multiplier. All functions occur on the LOW-to-HIGH 
transition of the clock. 

1 


1 

Clear. The buffered common clear for all flip-flops within the device. When the clear is LOW all flip-flops are cleared. 
Also the buffered X-input latch enable. When the clear input is LOW, the X latches will accept new X-input data^ 

10 

K 

1 

The sum expansion input to the serial/parallel multiplier. Allows for cascading devices. 

9 

M 

1 

The mode control input for the most significant bit of the multiplier. It is used in conjunction with cascading to 
determine the most significant bit. 

FUNCTION TABLE 

INPUTS 






B 

B 


B 

Y-l 

CO 

FUNCTION 

- 

- 

L 

L 

- 


- 

- 

Most Significant Multiplier Device 

B 

- 

CS 


- 

- 

- 

- 

Devices Cascaded in Multiplier String 

D 

B 

- 

■ 


B 

L 

L 

Load New Multiplicand and Clear Internal Sum and Carry 
Registers 

B 

- 

- 

- 

- 

- 

- 

- 

Device Enabled 


T 

- 

- 

- 

L 

L 

AR 

Shift Sum Register 

H 

L 

- 

- 

- 

L 

H 

AR 

Add Multiplicand to Sum Register and Shift 


T 

- 

-■ 

- 


L 

AR 

Subtract Multiplicand from Sum Register and Shift 


T 

- 

- 

- 


H 

_, 

Shift Sum Register 

H =HIGH 

L = LOW 

T = LOW-to-HlGH transition 

CS = Connected to S output of higher order device 

OP « Xj latches open for new data (i = 0, 7) 

AR = Output as required 

DEFINITION OF STANDARD TERMS 

H HIGH, applying to a HIGH voltage level. 

L LOW, applying to a LOW voltage level. 

1 Input. 

0 Output. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 
i|l_ LOW-levdl input current with a specified LOW-level 
voltage applied. 

llH HIGH-level input current with a specified HIGH-level 
voltage applied. 

Iql LOW-level output current. 
lOH HIGH-level output current. 

Isc Output short-circuit source current. 

Ice The supply current drawn by the device from the 

Vcc power supply. 

V|L Logic LOW input voltage. 

V|H Logic HIGH Input voltage. 

VoL LOW-level output voltage with Iql applied. 

Vqh HIGH-level output voltage with Iqh applied. 
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MUX 

CLEAR Am2SLS22 

SE 8 BIT SHIFT REGISTER 


DV70YeOY5DV4DY3DY20y,OYo 


Am25LSt4A 

serial/parallel 

multiplier 


8-Bit by S-Bit Multiplier, Bus Organized, 
with 8-Bit Truncated Product 
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Am25LSt4A 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature.........-GSX to +150X 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous... ...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.. .-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature... .. O^C to + 70®C 

Supply Voltage...+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55‘’C to +125®C 

Supply Voltage.......+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min.. IOH = -10mA 

ViN = V|H or V|L 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


VoL 

Output LOW Voltage 

Vcc = min. 

ViN = V|H or V|L 

Iql = 8.0mA 



0.4 

Volts 

IOL= ■•2mA 



0.45 

ViH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min., l|N~~18fTiA 



-t-2 

Volts 

l|L 

Input LOW Current 

Vcc = max., ViN = 0.4V 

X, M 



-0.48 

mA 

K, C%R 



-1.2 

CP 



-1.6 

Y 



-3.2 

IlH 

Input HIGH Current 

Vcc = max.. V|n = 2.7V 

X, M 



20 

mA 

K, ULR 



30 

CP 



40 

Y 



80 

l| 

Input HIGH Current 

Vcc = max., V||m = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

Icc 

Power Supply Current 

Vcc = max. 


45 

65 i 

mA 


; 1. Typical limits are at Vcc “ 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS (Ta = +25X. Vcc==5.0V) 
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Am25LS15 

Quad Serial Adder/Subtractor 


DISTINCTIVE CHARACTERISTICS 

• Four independent adder/subtracters • Magnitude only addition/subtraction 

• Use with two's complement arithmetic • Second sourced by T.l. as Am54LS/74LS385 


GENERAL DESCRIPTION 


The Am25LS15 is a serial two's complement adder/ 
subtracter designed for use in association with the 
Am25LS14 serial/parallel two's complement multiplier. 
This device can also be used for magnitude only or one's 
complement addition or subtraction. 

Four Independent adder/subtracters are provided with 
common clock and clear inputs. The add function is A plus 
B and the subtract function is A minus B. The clear function 
sets the internal carry function to logic zero in the add 


mode and to logic one in subtract mode. This least 
significant carry is self propagating in the subtract mode as 
long as zeroes are applied to the A and B inputs at the 
LSB's. All internal flip-flops change state on the LOW-to- 
HIGH clock transition. 

The Am25LS15 is particularly useful for recursive or non¬ 
recursive digital filtering or butterfly networks in Fast Fourier 
Transforms. 


BLOCK DIAGRAM 
(One of Four Similar Functions) 



BD001670 


03663B 
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Am25LS15 


CONNECTION DIAGRAM 
Top View 

Vcc ^4 % ®4 ^4 ^3 ®3 ®3 ^3 ^LR 

jnnnnnnnnnn 

20 19 18 17 16 IS 14 13 12 11 


2 3 4 5 6 7 8 9 10 

TTU UUUUUUUU 

CP f| S| 8| A| A2 82 S2 ^2 

CD001790 


Note: Pin 1 Is marked for orientation 


LOGIC SYMBOL 


643 678 15 14 13 16 17 


A, S, A2 82 S2 A3 83 $3 A4 84 S4 
CLOCK 

Am25LS15 

QUAD AOOER/SU8TRACTOR 


METALLIZATION AND PAD LAYOUT 


12 19 

LS000680 



DIE SIZE 0.095" x 0.095" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS15 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25LS16 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70°C) 
M - Military (-55°C to +125*^0) 


'— Package 

D-20-pin CERDIP 
F-20-pln flatpak 
P-20-pin plastic DIP 
X- Dice 

Device type 

Quad Serial Adder/Subtractor 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

5,6,15,16 

>> 

>> 

I 

The "A" input into each adder/subtractor. 

4,7,14,17 

Bi, 02, 

03. 04 

I 

The ”B” input into each adder/subtractor. 

3,8,13,18 

Si, 02, 

S 3 , S 4 

I 

The add subtract control for each adder/subtractor. When S is LOW, the F function is A + B. When S is HIGH, the F 
function is A-B. 

2,9,12,19 

Fi, F 2 , 

F 3 . F 4 

0 

The four independent serial outputs of the adder/subtractor. 

1 

CP Clock 

I 

The clock input for the device. All internal flip-flops change state on the LOW-to-HIGH transition. 

11 

CLR CIsar 

I 

I 

When the clear input is LOW, the four independent adder/subtractors are asynchronously reset. The sum flip-flop is 
always set to logic "0". The carry flip-flop is set to logic "0" in the add mode and logic "1” in the subtract mode. 


FUNCTION TABLE 


External Inputs 

Internal 

Point 

Output 

Function 

CP 

CLR 

S 

A 

B 

C 

Cl 

F 

X 

L 

L 

X 

X 

L 

L 

L 

Clear 

X 

L 

H 

X 

X 

H 

H 

L 


L 

H 

X 

X 

X 

NC 

NC 

NC 


H 

H 

X 

X 

X 

NC 

NC 

NC 


t 

H 

L 

L 

L 

L 

L 

L 


T 

H 

L 

L 

L 

H 

L 

H 


T 

H 

L 

L 

H 

L 

L 

H 


T 

H 

L 

L 

H 

H 

H 

L- 

Add 

t 

H 

L 

H 

L 

L 

L 

H 


T 

H 

L 

H 

L 

H 

H 

L 


T 

H 

L 

H 

H 

L 

H 

L 


T 

H 

L 

H 

H 

H 

H 

H 


t 

H 

H 

L 

L 

L 

L 

H 


T 

H 

H 

L 

L 

H 

H 

L 


T 

H 

H 

L 

H 

L 

L 

L 


T 

H 

H 

L 

H 

H 

L 

H 

Subtract 

T 

H 

H 

H 

L 

L 

H 

L 


T 

H 

H 

H 

L 

H 

H 

H 


T 

H 

H 

H 

H 

L 

L 

H 


T 

H 

H 

H 

H 

H 

H 

L 



C = Data in the Carry Flip-Flop Before the Clock 
Transition 

C| = Data in the Carry Flip-Flop After the Clock 
X = Don't Care 
NC = No Change 
H = HIGH 
L = LOW 

r = LOW-to-HIGH Transition 
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APPLICATIONS 

The normal butterfly network associated with the Cooley- 
Tukey Fast Fourier Transform (FFT) algorithm is shown below. 
Here we assume A, B, C, D and W are all complex numbers 
such that: 

A = Ar + jA| 

B = BR + jB| 

W = WR + iWi 

The outputs C and D are also complex numbers and are 
evaluated as; 


The four multiplications can be Implemented using four 
Am25LS14 serial-parallel multipliers (the appropriate number 
of bits must, of course, be used). The additions and the 
subtractions are Implemented using the Am25LS15 quad 
serial adder/subtractors. This diagram depicts only the basic 
data flow; binary weighting of the numbers, rounding, trunca¬ 
tion, etc. must be handled as required by the individual design 
parameters. 


C = Cr + jC| = (Ar + BrWr - B|W,) + j(Ai + BrW| + B|Wr) 
D = Cr + jD| = (Ar - BrWr + BiWi) + j(A| - BrW| - BiWr) 


FAST FOURrER TRANSFORM (FFT) BUTTERFLY 



AF001200 


An FFT butterfly connection for complex arithmetic Inputs and outputs. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150°C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs. .30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = min., IoH = -440juA 

V|N = V|H or ViL 

MIL 

2.5 



Volts 

COM'L 

2.7 



VoL 

Output LOW Voltage 

Vcc=MIN. 

V|N = ViH or V|L 

Iql “ 4.0mA 



0.4 

Volts 

Iql “ 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

Vl 

Input Clamp Voltage 

Vcc “MIN., liN“”15mA 



-1.5 

Volts 

«IL 

Input LOW Current 

Vcc = max., Viisi = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max., V|n = 2.7V 



20 

HA 

l| 

Input HIGH Current 

Vcc “ max., V|n = 7.0V 



0.1 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc “ max. 


48 

75 

mA 


Notes; 1. Typical limits are at Vcc “ 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs HIGH, measured after a LOW-to-HIGH clock transmission. 


Functional Diagram 
for FFT Butterfly Connection 


A B 



OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am25LS15 


SWITCHING CHARACTERISTICS (Ta« +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Output 

. 

Cl= 15pF 

Rl * 2.0kn 


14 

22 

ns 

tPHL 


14 

22 

tPHL 

Clear to Output 


20 

30 

ns 

ts 

A, B, S 

10 



ns 

th 

0 



ts 

Clear Recovery 

25 



ns 

th 

Clear Hold Time 

0 



ns 

tpw 

Clock 

HIGH 

17 



ns 

LOW 

17 



tpw 

Clear LOW 

20 



ns 

fmax (Note 1) 

Maximum Clock Frequency 

30 

40 


MHz 


Note 1. Per Industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on the V, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

u 

Am25LS 

Am25LS 

Min 

Max 

Min 

Max 

tPLH 

Clock to Output 

Cl = 50pF 

Rl * 2.0kX2 


33 


38 

HI 

tPHL 


33 


38 

tpHL 

Clear to Output 


43 


50 

ns 

ts 

A, B, S 

17 


20 


ns 

th 

4 


5 


ts 

Clear Recovery 

37 


42 


ns 

th 

Clear Hold Time 

4 


5 


ns 

tpw 

Clock 

HIGH 

IBSI 





LOW 





tpw 

Clear LOW 



35 




Maximum Clock Frequency 



20 


BS&SHI 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Am25LS • Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000180 


Note: Actual current flow direction shown. 
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Am25S18 

Quad D Register with Standard and Three-State Outputs 


DISUNCTIVE CHARACTERISTICS 

• Advanced Schottky technology • Four three-state outputs 

• Four D-type flip-flops • 75MHz clock frequency 

• Four standard totem-pole outputs 


GENERAL DESCRIPTION 


The Am25S18 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled aUhe three- 
state Y outputs when the "output control" (OE) input is 
LOW. When the ^ input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am25Sl8 is a 4-bit, high speed Schottky register 
intended for use in real-time signal processing systems 


where the standard outputs are used in a recursive algo¬ 
rithm and the three state outputs provide access to a data 
bus to dump the results after a number of iterations. 

The device can also be used as an address register or 
status register in computers or computer peripherals. 

Likewise, the Am25S18 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 


BLOCK DIAGRAM 



[STANDARD 

OUTPUTS 


THREE-STATE 

OUTPUTS 


BD001510 


RELATED PRODUCTS 


Part No. 

Description 

Am25S07 

Register 

Am25S08 

Register 

Am25S09 

Register 

Am26S374 

Register 

Am29821-26 - 

Register / 
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9-51 


Refer to Page 13-1 for Essential Information on Military Devices 


Am25S18 











Am25S18 


CONNECTION DIAGRAM 
Top View 


Vcc °3 O 3 ''3 ^2 CP 

nn n n n n n n 



uuulJLUJULI 

Oq Qq '^0 ''^1 <^*^0 

CD001710 


LOGIC SYMBOL 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


1 4 12 15 




GND 

DIE SIZE 0.077'> 0.079" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S18 D C B 

I—^Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M-Military (-55X to +125X) 

— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pln plastic DIP 
X- Dice 


Device type 

Quad D Register with Standard 
and Three-State Outputs 


Valid Combinations 

Am26S18 

PC 

DC, DM 

FM 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

1 

The four data inputs to the register. 


Qi 

o 

The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed 
non-inverted. 


Yj 

0 

The four three-state data outputs of the register. When the three-state outputs are enabled, data is 
passed non-inverted. A HIGH on the "output control" input forces the Yj outputs to the high- 
impedance state. 

9 

CP 

1 

Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

7 

Qe 

0 

Output Control. When the 5E input is HIGH, the Yj outputs are in the high-impedance state. When the 
OE input is LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

- 

H 

H 

X 

NC 

Z 

- 

H 

T 

L 

L 

z 

- 

H 

T 

H 

H 

z 

- 

L 

T 

L 

L 

L 

- 

L 

T 

H 

H 

H 

- 

L 

- 

- 

L 

L 

1 

L 

- 

- 

H 

H 

1 


L =LOW NC = No change 

H = HIGH T = LOW to HIGH transition 

X = Don't care Z = High impedance 

Note: 1. When OE is LOW, the Y output will be 
in the same logic state as the Q output. 


LOADING RULES (In Unit Loads) 


input/Output 

Pin 

Nos. 

Input 
Unit Load 

Fan-out 

Output 

HIGH 

Output 

LOW 

Do 

1 

1 

- 

- 

Qo 

2 

- 

20 

10* 

Yo 

3 

- 

40/130 

10* 

Di 

4 

1 

- 

- 

Qi 

5 

- 

20 

10* 

Yl 

6 

- 

40/130 

10* 

OE 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

Y2 

10 

- 

40/130 

10* 

Q2 

11 

- 

20 

10* 

D2 

12 

1 

- 

- 

Y3 

13 

- 

40/130 

10* 

Q3 

14 

- 

20 

10* 

D3 

15 

1 

- 

- 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50 /liA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 

*Fan-out on each Qj and Yj output pair should not exceed 
15 unit loads (30mA) for l = 0, 1, 2, 3. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 18) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to + 5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55‘’C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 


Description 

Output HIGH Voltage 

Output LOW Voltage (Note 6 ) 
Input HIGH Level 

Input LOW Level 
Input Clamp Voltage 
Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Y Output Off-State 
Leakage Current 

Output Short Circuit Current 
(Note 4) _ 

Power Supply Current_ 


Test Conditions (Note 2 ) 


Vcc = min. 

V|N = V|H or V|L 


Q lOH = -1mA 

|XM, loH = - 
XC, l0H = - 


Vcc = min., Iql = 20 mA 

V|N = VlH or V|L _ 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed Input logical LOW 
voltage for all inputs 

Vcc “ MIN., I|N “ “ 18mA 
Vcc = max., V|n = 0.5V 

Vcc = max., V|n * 2.7V 
' Vcc ” max., V|n ^ 5.5V 

Vcc = max. 

Vcc = max. 

Vcc = max. (Note 5) 


Vq = 2.4V 
Vo = 0.4V 


Min 

Typ 

(Note 1 ) 

Max 

2.5 

3.4 


2.7 

3.4 


2.4 

3.4 


2.4 

3.2 




0.5 

2.0 





0.8 



- 1.2 



- 2.0 



50 



1.0 

■ 


50 



-50 

-40 


-100 


80 

130 


Notes: 1. Typical limits are at Vcc = 5.0V, Ta = 25‘*C ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Actual input currents * Unit Load Current x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Icc is measured with all inputs at 4.5V and all outputs open. 

6 . Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V.RL=280f2) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Q Output 



6.0 

9.0 

ns 

tpHL 



8.5 

13 


Clock Pulse Width 

HIGH 


7.0 



ns 

tpw 

LOW 


9.0 




Data 

Cl=15pF 

5.0 



ns 

th 

Data 


3.0 



ns 

tpLH 

Clock to Y Output 




6.0 

9.0 

ns 

tPHL 

(5E LOW) 




8.5 

13 

tZH 



Cl=15pF 


12.5 

19 


tZL 



12 

' 18 

ns 

tHZ 



Cl « 5.0pF 


4.0 

6.0 

tLZ 




7.0 

10.5 


fmax 

Maximum Clock Frequency 

Cl»15pF 

75 

100 


MHz 


SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000170 


Note: Actual current flow direction shown. 
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Am25LS22 

8-Bit Serial/Parallel Register with Sign Extend 


DISTINCTIVE CHARACTERISTICS 

• Three-state outputs with multiplexed input • Sign extend function 

• Multiplexed serial data Input • Second sourced by T.l. as Am54LS/74LS322 


GENERAL DESCRIPTION 


The Am25LS22 Is an eight-bit serial/parallel register built 
using advanced Low-Power Schottky processing. The de¬ 
vice features an eight-bit parallel multiplexed input/output 
port to provide improved bit density in a 20-pin package. 
Data may also be loaded into the device in a serial manner 
from either input Da or Db- A serial output, Qq Is also 
provided. 

The Am25LS22 is specifically designed for operation with 
the Am25LSl4 serial/parallel two's complement multiplier 
and provides the sign extended function required for this 
device. 

When the Register Enable (RE) input is HIGH, the register 
will retain its current contents. Synchronous parallel loading 


is accomplished by applying a LOW to ^ and applying a 
LOW to the Serial/Parallel (S/P) Input. This places the 
three-state outputs in the high-impedance state Indepen¬ 
dent of OE and allows data that is applied on the input/ 
output lines (DYj) to be clocked into the register. When the 
S/P inpiit_is HIGH, the device will shift right. The Sign 
Extend (^) input is used to repeat the sign in the Qy flip- 
flop. This occurs whenever ^ is LOW when the SHIFT 
mode is selected. When §E is high, the serial two-input 
multiplexer is enabled. Thus, either Da or Db can be 
selected to load data serially. The register changes state on 
the LOW-to-HIGH transition of the clock. A clear input 
(CLR) is used to asynchronously reset all flip-flops when a 
LOW is applied. 


BLOCK DIAGRAM 


SERIAL/ 

PARALLEL 

SIGN 

EXTEND 


Db 

MUX 

ELECT 

Da 



BD001470 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS23 

8-Blt Shift/Storage Register 


03622B 
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CONNECTION DIAGRAM 
Top View 


Vcc s SE Dg DY6 DY4 DY2 DYq Qq CP 

n nnnnnnnnn 



“nrrnTJ'n □ □ u □ u' 

RE S/P Da 0Y7 DY5 DY3 DYI 5 E CLR GNO 

CD001750 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 



10 GND 


DIE SIZE 0.096" x 0.112' 


ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS22 


C B 

Valid Combinations 

I—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am25LS22 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70®C) 
M - Military (-55‘’C to +125*^0) 


I— Package 

D-20-pin CERDIP 
F-20-pin flatpak 
P-20-pin plastic DIP 
X- Dice 

Device type 

8-Bit Serial/Parallel Register 
with Sign Extend 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


9-58 


03622B 

Refer to Page 13-1 for Essential Information on Military Devices 




PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


DYi 

I/O 

The multiplexed parallel input/output port to the device. Data may be parallel loaded into the register or data can be 
read in parallel from the register on these pins. These outputs can be forced to the high-impedance state, i = 0 
through 7. 

12 

Qo 

0 

The continuous output from the Qq flip-flop of the register. This output is used for serial shifting. 

1 

RE 

1 

Register Enable. When RE is LOW, the register functions are enabled. When ^ is HIGH, the register functions 
(parallel load, shift right and sign extend) are inhibited. 

2 

S/P 

1 

Serial/Parallel. When S/P is LOW, the register can be synchronously parallel loaded. This input forces the register 
output buffers to the high-impedance state independent of the 5 e input. When S/P is HIGH, the register contents are 
shifted right on the clock LOW-to-HIGH transition. 

18 

SE 

1 

Sign Extend. When the §E input is LOW, the contents of the Qy flip-flop will be repeated in the Qy flip-flop as the 
register is shifted right. When §E is HIGH, the two-input multiplexer (Da and Db) is enabled to enter data during the 
serial shift right. The Qy flip-flop (DYy) is normally considered the MSB of the register for arithmetic definitions. 

3. 17 

Da. Db 

1 

The serial inputs to the device. 

19 

s 

1 

Multiplexer Select. When S Is LOW, the Da serial input is selected. When S is HIGH, the Db serial input is selected. 

9 

CLR 

1 

Clear. The asynchronous clear to the register. When the clear is LOW, the outputs of the flip-flops are set LOW 
independent of all other inputs. When the clear is HIGH, the register will perform the selected function. 

11 

CP 

1 

Clock. The clock pulse for the register. Register operations occur on the LOW-to-HIGH transition of the clock pulse. 

8 

OE 

1 

Output Control. When the OE input is HIGH, the eight DYj outputs are in the high-impedance state. When OE is LOW, 
data in the eight flip-flops will be present at the register parallel outputs unless S/P is LOW. 


FUNCTION TABLE 


Mode 

Inputs 

Outputs 

Clear 

Register 

Enable 

Serial/ 

Parallel 

Sign 

Extend 

Mux 

Select 

OE* 

Clock 

DYy 

DYe 

DYs 

DY4 

DY 3 

DY2 

DYi 

DYo 

Qo 


L 

H 

X 

X 

X 

L 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

X 

X 

L 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

ClBBr 

L 

L 

L 

X 

X 

L 

X 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

L 


L 

X 

X 

X 

X 

H 

X 

Z 

z 

Z 

Z 

Z 

Z 

Z 

Z 

L 

Parallel Load 

H 

L 

L 

X 

X 

X 

T 

Dy 

De 

Ds 

D4 

D 3 

D 2 

Di 

Do 

Do 

CWiff Dj/iHt 

H 

L 

H 

H 

L 

' L 

1 

Da 

Yyn 

Yen 

Yen 

Y4n 

Ysn 

Y 2 n 

Yin 

Yin 

Of nil nielli 

H 

L 

H 

H 

H 

L 

t 

Db 

Y7n 

Yen 

Yen 

Y4n 

Yan 

Y2n 

Yin 

Yin 

Sign Extend 

H 

L 

H 

L 

X 

L 

T 

Yyn 

Y/n 

Yen 

Yen 

Y4n 

Y3n 

Y2n 

Yin 

Yin 

Hold 

H 

H 

X 

X 

X 

L 

t 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


L = LOW X = Don't Care NC = No Change 

T = Clock LOW-to-HIGH Transition H = HIGH Z = High-Impedance Output State 

*When the OE input is HIGH, all input/output terminals are at the high-impedance State; sequential operation or clearing of the register is not affected. 

Dy, De- .Do = the level of the steady-state input at the respective DYn terminal is loaded into the flip-flop while the flip-flop outputs (except Qq) are isolated 
from the DYn terminal. 

Da> Db ~ l^vel of the steady-state inputs to the serial multiplexer input. 

Yyn, Yen -Yon = the level of the respective On flip-flop prior to the last Clock LOW-to-HIGH transition. 
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APPLICATION 



MSB LSB MSB LSB 


UPPER BYTE lower BYTE 


16 BIT DATA BUS 

AF001190 


System Operation 

Am25LS22 

Upper Byte 

Am25LS22 

Lower Byte 

Function 

m 

Q3 

m 

m 

Si 

S/P 

RE 


Description 

Load lower byte and extend lower 
byte sign to upper byte 

D 

H 

B 

B 

X 

B 

B 

B 

Load from Bus 

L 

H 

B 


X 

B 



7 clock cycles to extend sign. 

Load upper byte and extend upper 
byte sign while shifting value to lower 
byte position 

X 

L 

L 

B 

B 

B 

B 

B 

Load from Bus 

1 


1 


0 


1 

0 

8 clock cycles to extend upper 
byte sign and shift upper byte Into 
lower byte position 

Read 16-bit word to Bus 

11 

D 

B 

B 

B 

B 

B 

B 

Unload 


Two Am25LS22 8-bit registers can be used to perform the sign extend associated with two's complement 8-bit bytes for arithmetic 
operations in a 16-bit machine. If the upper byte value is to be used, it is shifted to the lower bit positions and its sign is extended. If 
the lower byte value is to be used, it is held in place while the sign is extended downward from the MSB position of the upper byte. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature..-65®C to +150®C 

(Ambient) Temperature Under Bias ...-55°C to +125°C 
Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State..-0.5V to +Vcc nr^ax 

DC Input Voltage (OT. S/P, RE, 

CP, CLR).-0.5V to +7.0V 

DC Input Voltage (Others).-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

Qo. IOH = -440jLiA 

MIL 

2.5 



Volts 

COM'L 

2.7 



DYj, loH = -10mA 

MIL 

2.4 



DYj, loH=-2.6mA 

COM’L 

2.4 



VOL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iql - 4.0mA 



0.4 

Volts 

Iql == 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V,L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc - min, l|N = -18mA 



' -1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0 .4V 

5e 



-1.08 

mA 

S 



- 0.72 

Others 



-0.36 

IlH 

Input HIGH Current 

Vcc = max. V|n = 2 .7V 
(Except DYj) 

SE 



60 

mA 

S 



40 

Others 



20 

l| 

Input HIGH Current 

Vcc = max. 

(Except DYj) 

V|N = 7.0V 

OE,S/P.RE,CP,CLR 



0.1 

mA 

V|N = 5.5V 

SE 



0.3 

S 



0.2 

Others 



0.1 

<02 

Off state (High-Impedance) 

Output Current (DYj) 

Vcc = max 

Vo = 2.4 



40 

mA 

Vo = 0.4V 



-100 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

icc 

Power Supply Current 

Vcc = max 


40 

65 

mA 


Notes; 1. Typical limits are at Vcc“5.0V, 25'’C ambient and maximum loading. 

2. For conditions shown as MIN, or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta = +25°C. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to DYj 



16.5 

24 


tPHL 



18 

26 

tPHL 

Clear to DYj 



23 

30 

ns 

tpLH 



Rl = 2 .0ka 


16.5 

24 

ns 

tpHL 



Cl=15pF 


18 

26 


Clear to Qq 



23 

30 

ns 

tZH 





13 

21 


tZL 

5E to DYj 




18 

26 

ns 

tHZ 


Rl » 2.0ka, 


13 

21 

tLZ 



Cl = 5pF 


18 

26 


tZH 



Rl » 2.0ka 


18 

26 


tZL 

SER/PAR to DYj 


Cl=15pF 


23 

32 

ns 

tHZ 


Rl = 2 .0ka 


18 

26 

tLZ 



Cl = 5pF 


23 

32 


ts 

RE to Clock 


20 




ts 

SE to Clock 


10 




ts 

S to Clock 


15 



ns 

ts 

Da and Db to Clock 


15 



ts 

DYj (Load) to Clock 


15 




ts 

Clear Recovery to Clock 

Rl = 2 .0ka 

8.0 




ts 

S/P to Clock 

Cl=15pF 

15 



ns 

th 

Any Input 


0 



th 

Clear Hold 


0 



ns 


Clock 

HIGH 


8.0 



ns 

tpw 

LOW 


8.0 



tpw 

Clear 


20 



ns 

tmax (Note 1) 

Maximum Clock Frequency 


35 

50 


MHz 


Note 1. Per industry convention, fmax's the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width 
or duty cycle. 
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Parameters 


Description 

Test Conditions 



Min 

Max 

Units 

tPLH 





35 


41 


tpHL 

UIOCK to UYj 



38 


44 

ns 

tPHL 

Clear to DYj 



43 


50 

ns 

tPLH 



Cl = 50pF 


35 


41 


tPHL 

Clock to Uo 

Rl = 2 .0kn 


38 


44 

ns 

tPHL 

Clear to Qq 



43 


50 

ns 

tZH 





32 


36 


tZL 

OE to DYj 




38 


44 


tHZ 


Cl = S.OpF 


28 


31 

ns 

tLZ 



Rl = 2 .0kf2 


34 


39 


tZH 



Cl = 50pF 


38 


44 


tZL 



Rl = 2.0kS7 


46 


53 


tHZ 

SbH/PAH to UYj 

Cl = 5.0pF 


34 


39 

ns 

tLZ 



Rl = 2.0kl2 


42 


48 


ts 

RE to Clock 


30 


35 



ts 

SE to Clock 


17 


20 



ts 

S to Clock 



24 


27 



ts 

□a and Db to Clock 


24 


27 


ns 

ts 

DYj (Load) to Clock 


24 


27 



ts 

Clear Recovery to Clock 

Cl = 50pF 

15 


17 



ts 

S/P to Clock 

Rl = 2.0K^2 

24 


27 



th 

Any Input 



4 


5 


ns 

th 

Clear Hold 


4 


5 


ns 


Clock 

HIGH 


15 


17 



tpw 

LOW 


15 


17 


ns 

tpw 

Clear 


30 


35 


ns 

tmeix (Note 1) 

Maximum Clock Frequency 


26 


23 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 



IC000120 


Note: Actual current flow direction shown. 
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Am25LS23 

8-Bit Shift/Storage Register with Synchronous Clear 


DISTINCTIVE CHARACTERISTICS 

• Synchronous clear • Cascadable shifting 

• Three-state outputs • Second sourced by T.l. as 54LS/74LS323 

• Common input/output pins 


GENERAL DESCRIPTION 


The Am25LS23 is an 8-bit universal shift/storage register 
with 3-state outputs. The function is similar to the 
Am25LS299 with the exception of a synchronous clear 
function. Parallel load inputs and register outputs are 
multiplexed to allow the use of a 20-pin package. Separate 


continuous outputs are also provided for flip-flops Qq and 
Q?. 

Four modes of operation are possible - Hold (store), Shift- 
left, Shift-right and Load Data. The Am25LS23 has a typical 
shift frequency of 50MHz. The Am25LS23 is packaged in a 
standard 20-pln package. 


BLOCK DIAGRAM 


Si So 



BD001480 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS22 

8-Bit Serial/Parallel Register 


03661B 
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CONNECTION DIAGRAM 
Top View 


Vcc Si Sl Qj oy-, DYg OY3 DYi CP Sr 



17 16 15 14 13 12 11 

Am25LS23 

4 5 6 7 8 9 10 


Sq 5 i Gj DYg OY4 DYj DYq Qq CLR GND 


CD001760 

Note: Pin 1 is marked for orientation 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS23 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-In 

Am25LS23 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70®C) 
M - Military (-55‘’C to +125®C) 


'— Package 

D-20-pin CERDIP 
F-20-pin flatpak 
P-20-pin plastic DIP 
X- Dice 

Device type 

8-Bit Shift Storage Register 
With Synchronous Clear 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 


Name 


I/O 


Description 


11 


Sr 


Shift right data input to Q 7 . 


Shift left data input to Qq. 


Clear 


Active LOW synchronous input forcing the Qq through Q 7 register to see LOW conditions, visable only if outputs are 
enabled. 


Clock 


A LOW-to-HIGH transition will result in the register changing state to next state as described by mode and input data 
condition. 


1. 19 


So, Si 


Mode selection control lines used to control input (output during load) conditions. 


2, 3 


Si, 52 


Active LOW input to control three-state output in active LOW AND configuration. 


8 , 17 


Qo, O 7 


The only two direct outputs: used to cascade shift operations. 


7. 13, 6 , 14, 
5, 15, 4, 16 


DY 0 -DY 7 


I/O 


Input/Output line dependent on mode and output control. Input only with mode select LOAD. Output in all other 
modes but subject to output select (5i, Sa)._■ _ 


TRUTH TABLE 




INPUTS 

OUTPUTS 

INPUTS/OUTPUTS 


FUNCTION 

Sr 

Sl 

CLEAR 

CLOCK 

So 

Si 

Gl 

G 2 

Qo 

Q 7 

DYo 

DYi 

DY2 

DY3 

DY4 

DYs 

DYe 

DY7 

Clear 

X 

X 

L 

T 

(Note 1) 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

' 


X 

X 

X 

X 

X 

X 

H 

L 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

Z 


Output 

X 

X 

X 

X 

X 

X 

L 

H 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

z 

Z 




X 

X 

X 

X 

X 

X 

H 

H 

NC 

NC 

z 

z 

z 

z 

, z 

z 

Z 



Hold 

X 

X 

H 

X 

L 

L 

L 

L 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


M 

Load (Note 2) 

X 

X 

H 

T 

H 

H 

L 

L 

A 

H 

A 

B 

C 

D 

E 

F 

G 


0 

Shift Right 

L 

X 

H 

T 

H 

L 

L 

L 

L 

DYe 

L 

DYo 

DYi 

DY 2 

DY 3 

DY 4 

DYs 

DYe 

D 

Shift Right 

H 

X 

H 

t 

H 

L 

L 

L 

H 

DYe 

H 

DYo 

DYi 

DY 2 

DY 3 

DY 4 

DYs 

DYe 

E 

Shift Left 

X 

L 

H 

t 

L 

H 

L 

L 

DYi 

L 

DYi 

DY 2 

DY 3 

DY 4 

DYs 

DYe 

DY 7 



Shift Left 

X 

H 

H 

f 

L 

H 

L 

L 

DYi 

H 

DYi 

DY 2 

DY 3 

DY 4 

DYs 

DYe 

DY 7 

n 


L ==LOW Z 
H = HIGH X 


= High Impedance t 
= Don't Care NC 


= Transition LOW-to-HIGH 
»No Change 


Notes: 1. Either LOW to observe outputs. 
2. In this mode DYi are inputs. 


APPLICATION 


»NJ>UT/OUTPUT DATA 


SERIAL 
OUTPUT - 
LEFT 


CLEAR- 
CLOCK - 


Do D, 

D2 D3 O4 O5 Og 

_L..i 1 11 

Qy 

1 

DYo OY, 

Sr 

DYj DY3 DY4 OY5 OYg 

OY7 

Sl 

CLEAR 

So 

Am25LS23 

CLK 

Qi 

Si 


Gj 

Qo 


Qy 


°8 *^9 ^10 °11 °12 ®13 °14 °16 


OYq DY, OY3 DY3 OY4 OYg DYg DY 

Sr 

-O CLEAR 

So 


°0. 


Am25LS23 


SHIFT 

-LEFT 

INPUT 


SERIAL 
- OUTPUT 
RIGHT 


AF001110 


16-Bit Cascaded Parallel Load/Unload Shift Right/Left Register. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage...-i-4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min. 
V|N = V|H 
or VoL 

Qo. Oj 

Iqh = -440/uA 

MIL 

2.5 



Volts 

COM'L 

2.7 



DYo-DYy 

MIL, loH=-1-0mA 

2.4 



COM'L, Iqh =-2.6mA 

2.4 



VoL 

Output LOW Voltage 

Vcc = min. 

V|N = V|H or V|L 

Iql = 4.0mA 


0.25 

0.4 

Volts 

Iql = 8.0mA 


0.35 

0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., l|N = -18mA 



-1.5 

Volts 

IlL 

Input LOW Current 

Vcc = max., ViN = 0.4V 

So, Si 



-0.8 

mA 

All others 



-0.4 

)|H 

Input HIGH Current 

Vcc = max., ViN = 2.7V 
(Except DYj) 

So. Si 



40 

txA 

All others 



20 

l| 

Input HIGH Current 

Vcc = max., 

(Except DYj) 

V|n = 7V 

So. Si 



0.2 

mA 

G2, CLR, CP 



0.1 

V|N = 5.5V 

Others 



0.1 

loz 

Off-State (High Impedance) 

Output Current 

Vcc = max. 

Vo = 0.4V 



-100 

HA 

Vo = 2.4V 



40 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

Icc 

Power Supply Current 

Vcc = max. (Note 4) 


38 

60 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 26°C ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. 

4. Icc-msasured with clock input HIGH and output controls HIGH. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias ...-55®C to +125®C 
Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State..^..._.-0.5V to +Vcc nnax 

DC Input Voltage Sq, Si, Gi, Ga, 

CLR, CP).-0.5V to +7.0V 

DC Input Voltage (Others).-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is hot implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5 0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Qo or Q 7 



18 

26 

ns 

tPHL 



23 

28 

tPLH 




18 

26 

ns 

tPHL 




21 

28 

ts 

Si, So Set-up Prior to Clock 

Cl= 15pF 

12 



ns 

ts 

DYj or Sr, Sl Set-up Prior to Clock 

Rl = 2 . 0 kn 

12 



ns 

tpw 

Pulse Width (Clock) 


15 



ns 

ts 

Clear to Clock 


15 



ns 

tZH 

Si, So, 5i, Ca 2 to DYj 



18 

30 

ns 

tZL 



20 

30 

tLZ 

$ 1 , So, ^ 1 , G 2 , to DYj 

Cl = S.OpF 


22 

33 

ns 

tHZ 

Rl = 2.0kJ2 


16 

23 

tmax 

Maximum Clock Frequency (Note 1) 


35 

50 


MHz 


Note 1. Per industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse width 
or duty cycle. > 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 






MILITARY 

■1 





Am25LS 

pmii 

Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 


tpLH 

Clock to Qo or Q7 





44 


tpHL 



40 


47 

ns 

tPLH 

Clock to DYj 



38 


44 


tPHL 



40 


47 

ns 


Si, So Set-up Prior to Clock 

Cl = 50pF 

20 




ns 

ts 

DYj, or Sr, Sl Set-up Prior to Clock 

Rl = 2.0K12 

20 




ns 

tpw 

Pulse Width (Clock) 


24 


27 


ns 

ts 

Clear to Clock 


24 


27 


ns 

tZH 

Si, So, Si, S 2 to DYj 



43 


50 

ns 

tZL 



43 


50 

tLZ 

Si, So, ^ 1 , ^2 to DYj 

Cl = 5.0pF 

i 

WBM 


lllllllllll^lllllll^ 

ns 

tHZ 

Rl = 2.0Kn 


30 


35 

fmax 



WEMt 


WEE 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


INPUT/OUTPUT 

CURRENT INTERFACE CONDITIONS 
DY| Only Other Pins 



IC000120 


Note: Actual current flow direction shown. 
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Am25LS2513 

Three-State Priority Encoder 


DISTINCTIVE CHARACTERISTICS 

• Encodes eight lines to three-line binary • Three State inverted output version of Am54LS/74LS/ 

• Expandable 25LS148 

• Cascadable • Gated three-state output 

• Advanced Low-Power Schottky processing 


GENERAL DESCRIPTION 


The Am25LS2513 Low-Power Schottky Priority Encoder 
performs priority encoding of 8 inputs to provide a binary- 
weighted code of the priority order of the 3 tri-state active 
HIGH outputs Ao, A-j, A 2 . Three active LOW and two active 
HIGH inputs in AND-OR configuration allow control of the 
tri-state outputs. The use of the input enable (El) combined 


with the enable output (EO) periruts cascading without 
additional circuitry. Enable input (El) HIGH will force all 
outputs LOW subject to the tri-state control. The enable 
output is LOW when all inputs Iq through ly are HIGH and 
the enable input is LOW. 


BLOCK DIAGRAM 


'0 'l '2 '3 *4 '5 '6 ‘7 



RELATED PRODUCTS 


Part No. 

Description 

Am2913 

Priority Interrupt Expander 

Am2914 

Vectored Priority Interrupt Controller 


03609B 
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CONNECTION DIAGRAM 
Top View 


D-20-1 


L-20-1 



CD001810 CD001820 


Note; Pin 1 Is marked for orientation 


LOGIC SYMBOL 


18 15 16 17 1 2 3 4 5 


lUUUA 1 

*0 *1 *5 *3 *4 Ifi *7 


'o 'l '2 ‘3 '4 *5 *6 '7 ^ 




^2 

Am25LS2513 G 3 

0— 

G 4 

0— 

EO Aq A^ Aj 


^ ri 1 

19 8 7 6 



LS000690 


METALLIZATION AND PAD LAYOUT 


'4 

Tb 


'6 


'7 

El 


A2 


Al 


Ao 

G4 



DIE SIZE 0.082x0.085 


20 


19 


18 

17 

16 

15 

14 

13 

12 


10 


Vcc 


EO 


'0 


'3 

'2 


Gb 


G2 

Gl 


G3 


GND 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (If desired). 


Am25LS2513 


C B 

Valid Combinations 

'—Screening Option 


PC 

Blank - Standard processing 


DC, DM 

B - Burn-in 

Am25LS2513 

FM 

— Temperature (See Operating Range) 


LC, LM 

C -Commercial (O^'C to +70^) 


XC, XM 


M - Military (-55®C to +125X) 


'— Package 

D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pln plastic DIP 
X- Dice 

Device type 

3-State Priority Encoder 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

8, 7, 6 

AO, A1, 

A2 

0 

Three-state, active high encoder outputs. 

5 

B 

1 

Enable input provided to allow cascaded operation. 

19 

EO 

0 

Enable output provided to enable the next lower order priority chip. 

12, 13 

Gi, G2 

0 

Active high three-state output controls. 

11, 9, 14 

G 3 . G 4 . 
55 

0 

Active low three-state output controls. 

18,15,16, 

17,1,2,3,4 

io-7 

1 

Active low encoder inputs. 


TRUTH TABLES 


Inputs 

Outputs 

El io ii 

>2 

h 

U h >6 

h 

Ao 

Ai 

> 

ro 

m| 

01 

H 

X 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

H 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

L 

H 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

For Gi = H, G 2 = H, G 3 = L, G 4 = L, G 5 = L 


GI 

G2 

G3 

G4 

G5 

Aq Ai A 2 

H 

H 

L 

L 

L 

Enabled 

L 

X 

X 

X 

X 

z z z 

X 

L 

X 

X 

X 

z z z 

X 

X 

H 

X 

X 

z z z 

X 

X 

X 

H 

X 

z z z 

X 

X 

X 

X 

H 

z z z 


Z = HIGH Impedance 
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APPLICATION 



AF001140 

64 Input Priority Encoder Connected for Parallel Enable 
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Am25LS2513 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature . .. - 65®C to +150®C 

(Ambient) Temperature Under Bias.-55°C to +125X 

Supply Voltage to Ground Potential 

Continuous .-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.....-0.5V to +Vcc niax 

DC Input Voltage......-0.5V to +7.0V 

DC Output Current, Into Outputs.....30mA 

DC Input Current..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage....+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature ...- 55°C to +125‘’C 

Supply Voltage..+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

— 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min. 

V|N = ViH or ViL 

Aj 

MIL, loH = -T0niA 

2.4 

3.4 


Volts 

COM’L, loH =-2.6mA 

2.4 

3.2 


IOH = -440iLiA 

MIL 

2.5 

3.4 


COM'L 

2.7 

,3.4 


VoL 

Output LOW Voltage 

Vcc = min. 

ViN = ViH or V|L 

Iql = 4.0mA 



0.4 

Volts 

lOL = 8.0mA 



0.45 

Iql = 1 2mA(An Outputs) 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for ail inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min., liN = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max. 

V|n = 0.4V 

E1, Gi, G 2 , G 3 , G 4 , G 5 , Iq 



-0.4 

mA 

All others 



- 0.8 

l|H 

Input HIGH Current 

Vcc = max. 

V,n = 2.7V 

E1, Gi, G 2 , G 3 , G 4 , G 5 , io 



20 

mA 

All others 


. . i 

40 

l| 

Input HIGH Current 

Vcc = max. 

V|N = 7.0V 

El, Gi, G 2 , S 3 , G 4 , G 5 , Iq 



0.1 

mA 

All others 


1 

0.2 

lo 

Off-State (High Impedahce) 

Output Current 

Vcc = max. 

Vo = 0.4V 



-20 


Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-15 


-85 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max. 


15 

24 

mA 


Notes; 1. Typical limits are at Vcc = 5.0V, 25*0 ambient and maximum loading. 

2. For conditions shown as MIN. or MAX., use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All inputs and outputs open. 


type. 
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SWITCHING CHARACTERISTICS (Ta = + 25X. Vcc = 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

ij to An (In-phase) 

Cl= 15pF 

Rl = 2 . 0 ki^ 


17 

25 

ns 

tPHL 


17 

25 

tpLH 

ij to An (Out-phase) 


11 

17 

ns 

tPHL 


12 

18 

tPLH 

i; to e5 


7.0 

11 

ns 

tPHL 


24 

36 

tPLH 

0 to EO 


11 

17 

ns 

tPHL 


23 

34 

tPLH 

Ei to An 


12 

18 

ns 

tPHL 


14 

21 

tZH 

Gi or G 2 to An 


23 

40 

ns 

tZL 


20 

37 

tZH 

S 3 , 54 , S 5 to An 


20 

30 

ns 

tZL 


18 

27 

tHZ 

G-| or G 2 to An 

Cl = 5.0pF 

Rl = 2.0ki7 


17 

27 

ns 

tLZ 


19 

28 

tHZ 

S^ 3 , G 4 , S 5 to An 


16 

24 

ns 

tLZ 


18 

27 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Parameters 

Description 

Test Conditions 

Am25LS COMMERCIAL 

Am25LS MILITARY 

Units 

Min 

Max 

Min 

Max 

tPLH 

Ij to An (In-phase) 

Cl = 50pF 

Rl = 2 . 0 k ^2 


31 


37 

ns 

tpHL 


30 


34 

tpLH 

ij to An (Out-phase) 


22 


27 

ns 

tPHL 


22 


25 

tpLH 

ij to e5 


15 


18 

ns 

tPHL 


48 


60 

tpLH 

Ei to E5 


19 


21 

ns 

tpHL 


46 


57 

tPLH 

B to An 


22 


25 

ns 

tpHL 


27 


32 

tZH 

Gi or G 2 to An 


42 


49 

ns 

tZL 


43 


49 

tZH 

G 3 , S 4 , 5$ to An 


36 


43 

ns 

tZL 


35 


43 

tHZ 

G-j or G 2 to An,. 

Cl = 5.0pF 

Rl = 2.0ka 


34 


40 

ns 

tLZ 


34 


40 

tHZ 

G 3 , G 4 , ^5 to An 


30 


35 

ns 

tLZ 


31 


35 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Note: i ® 0 to 7 
n = 0 to 2 
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Am25LS2513 


Am25LS 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000130 


Note: Actual current flow direction shown. 
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Alll25LS381/Am54LS381/Am74LS381 

Am25LS2517 


Arithmetic Logic Unit/Function Generator Low-Power Schottky Integrated Circuits 


DISTINCTIVE CHARACTERISTICS 


• Three arithmetic functions 

• Three logic functions 

• Preset and clear functions 

• Carry output (Cn + 4 ) and overflow (OVR) outputs on 
Am25LS2517 

• Generate and propagate outputs for full lookahead carry 
on Am25LS381 


• 8 mA sink current over the military temperature range on 
Am25LS 

• 50mV Improved Vql on Am25LS compared to 
Am54LS/74LS 

• 440juA source current at HIGH output. 


GENERAL DESCRIPTION 


The Am25LS381 and Am54LS/74LS381 are arithmetic 
logic units (ALU)/function generators that perform three 
arithmetic operations and three logic operations on two 4- 
bit words. The device can also output forced 0000 (clear) or 
1111 (preset). These eight operations are selected using 
three function select inputs Sq, S-| and S 2 as shown in the 
function table. Full carry lookahead is used over the four-bit 
field within the device. When devices are cascaded, multi¬ 
level full carry lookahead Is impl^entedjjsing a '182 carry 
lookahead generator and the G and P outputs on the 
Am25LS381 or Am54LS/74LS381. The device Is packaged 
in a space-saving (0.3-Inch row spacing) 20-pin package. If 
the Cn + 4 carry output function is required, the 
Am25LS2517 should be used. 

The Am25LS381 is a high-performance version of the 
Am54LS/74LS381. Improvements Include faster A.C. spec¬ 


ifications, higher noise margin and twice the fan-out over 
the military temperature range. 

The Am25LS2517 is an arithmetic logic unit (ALU)/function 
generator that performs three arithmetic operations and 
three logic operations on two 4-blt words. The device can 
also force output 0000 (clear) or 1 11 1 (preset). These eight 
operations are selected using three function select inputs 
So, S-| and S 2 as shown in the function table. Full carry 
lookahead is used over the four-bit field within the device. 
When devices are cascaded, the carry output (Cp + 4 ) is 
connected to the carry input (Cp) of the next device. The 
Am25LS2517 can also detect two's complement overflow. 
The overflow output (OVR) is defined logically as Cp + 3 ® 
Cp + 4 . 


BLOCK DIAGRAM 
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Am25LS2517 


Vcc ^2 62 A3 63 CnCn+40VRF3 ^3 

XLQ„n. n n n .n n n n 


20 19 18 17 16 16 14 13 12 It 


10 


UUuuuuuuuu 

A, B, Aq Bq Sq S, $2 Fg F, GND 


CD004040 


CONNECTION DIAGRAM 
Top View 

Am25LS381 

Am54LS/74LS381 


Vcc ^2 ®2 ^3 ^3 ^ ^ ^3 ^2 

nnnnnnnnnn 

20 19 18 17 16 16 14 13 12 11 


*1 23456789 10 I 

u u u u u’n"u u u u 

^1 01 Aq Bg $0 S, S2 Fg F, GNO 

CD004030 


Leadless Chip Carriers 
L-20-1 



Note: Pin 1 Is marked for orientation 


METALLIZATION AND PAD LAYOUT 



GND 10 -' '- 11 F2 

DIE SIZE 0.091" X 0.108" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (If desired). 


Am25LS381 

Am25LS2517 D C B 

'—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55°C to +125X) 

— Package 

D-20-pin CERDIP 

F-20-pin flatpak ii 

L-20-pin leadless Chip-Pak 
P-20-pin plastic DIP 
X- Dice 


Device type 

ALU Function Generators 


Valid Combinations | 

Am25LS381 

PC, PCB 

DC, DCB, DM, 
DMB 

FM, FMB 

XC, XM 

Am25LS2517 

PC, PCB 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LM, LMB 

XC, XM 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device Is currently available in the 
combination you wish. 


> 

3 
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Am25LS381 / Am54LS381 / Am74LS381 
Am25LS2517 


PIN DESCRIPTION 



Name 

I/O 

Description 

3, 1, 19, 17 

Ao, Ai, 

A 2 , A3 

I 

The A data inputs. 

4, 2, 18, 16 

Bq. Bi, 

B 2 , B 3 

1 

The B data inputs. 


So. Si, 

S 2 , S 3 

1 

The control inputs used to determine the arithmetic or logic function performed. 


Fo. Fi. 

F 2 . F 3 

0 

The data outputs of the ALU. 

16 

Cfi 

1 

The carry-in input of the ALU. 


Cn + 4 

0 

The carry-lookahead output of the four-bit input field. 

13 

S 

0 

The carry-generate output for use in multi-level lookahead schemes. 

14 

P 

0 

The carry-propagate output for use in multi-level lookahead schemes. 

13 


■ 

Overflow. This pin is logically the Exclusive-OR of the carry-in and carry-out of the MSB of the ALU. At the most 
significant end of the word, this pin indicates that the result of an arithmetic two's complement operation has 
overflowed into the sign-bit. 


FUNCTION TABLE 


Selection 

Arithmetic/Logic 

Operation 

S 2 

Si 

So 

L 

L 

L 

Clear 

L 

L 

H 

B Minus A 

L 

H 

L 

A Minus B 

L 

H 

H 

A Plus B 

H 

L 

L 

A®B 

H 

L 

H 

A + B 

H 

H 

L 

AB 

H 

H 

H 

Preset 


H = High Level, L = Low Level 
See Truth Table for full description. 
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GUARANTEED LOADING RULES OVER OPERATING RANGE 
(In Unit Loads) 

A Low-Power Schottky TTL Unit Load is defined as 20/iA measured at 2.7V HIGH and ~0.36mA measured at 0.4V LOW. 

Am25LS Am54LS/74LS 

Output Output Output Output 

HIGH LOW HIGH LOW 


Pin Nos. Input/Output Input Load -440 mA MIL COM'L Input Load -440iLiA MIL COM'L 



*OVR Drive is 22 Unit Loads. 


*•4.0 for Am25LS2517. 

Am25LS/54LS/74LS381 
TEST TABLE 



X = Don't care 
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Am25LS381 / Am54LS381 / Am74LS381 
Am25LS2517 


Am25LS/54LS/74LS381 
TRUTH TABLE 
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Am25LS2517 
TEST TABLE 


Path 

So Si S 2 

Cfi 

Same Bit 

Other Data Bits 

Output 

Waveform 

In 

Out 

4.5V 

GND 

4.5V 

GND 

Cn 

Any F 

1 

0 

0 

- 

_ 

- 

A’s & B's 

None 

out-of-phase 

Cn 

Fj 

1 

0 

0 

- 

Bj 

Aj 

A's & B's 

None 

in-phase 

Aj 

Fj 

0 

1 

0 

0 

- 

Bj 

None 

A's & B's 

out-of-phase 

Aj 

Fj 

0 

1 

0 

1 

- 

Bj 

None 

A's & B’s 

in-phase 

Aj 

OVRF 

0 

1 

1 

1 

Bj 

- 

A’s & B's 

None 

in-phase 

Ai 

Cn + 4 

0 

1 

1 

1 

Bj 

- 

A’s & B’s 

None 

in-phase 

Bj 

Fj 

0 

1 

0 

0 

- 

Aj 

None 

A’s & B's 

out-of-phase 

Bj 

Fj 

0 

1 

0 

1 

- 

Aj 

- 

A's & B’s 

in-phase 

Bj 

OVRF 

0 

1 

1 

0 

Aj 

- 

A's & B's 

None 

out-of-phase 

Bj 

Cn + 4 

0 

1 

1 

0 

Aj 

- 

A’s & B’s 

None 

out-of-phase 

Aj 

Fj + 1 

0 

1 

0 

1 

Bj 

- 

A’s & B's 

None 

out-of-phase 

Bj 

Fi-f -1 

1 

0 

0 

1 

Aj 

- 

A’s & B’s 

None 

out-of-phase 

So 

Fj 

- 

0 

0 

1 

Bj 

Aj 

All B’s 

All A's 

in-phase 

So 

OVRF 

- 

1 

1 

0 

- 

- 

None 

A’s & B's 

out-of-phase 

So 

Cn + 4 

- 

1 

1 

0 

- 

- 

None 

A's & B's 

out-of-phase 

Si 

Fj 

0 

- 

0 

1 

Aj 

Bj 

All A’s 

All B's 

in-phase 

Si 

OVRF 

0 

- 

1 

X 

- 

- 

None 

A’s & B’s 

in-phase 

Si 

Cn + 4 

0 

- 

1 

X 

- 

- 

None 

A’s & B's 

in-phase 

S 2 

Fj 

0 

1 

- 

1 

Aj 

Bj 

All A's 

All B’s 

in-phase 

S 2 

OVRF 

0 

1 

- 

0 

- 

- 

None 

A’s & B's 

out-of-phase 

S 2 

Cn + 4 

0 

1 

- 

0 

- 

- 

None 

A's & B's 

in-phase 


> 

3 

lO 

cn 

S) 

CO 

00 


3 

>1 

r- 
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CO 

00 
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Am25LS381 /Am54LS381 /Am74LS381 
Am25LS2517 


Am25LS2517 
TRUTH TABLE 
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APPLICATIONS 



AF001430 

TYPICAL SPEED CALCULATIONS 


Path 

Output 

F 

Cn + 4, OVR 

,Ai or Bj to Cn -i-4 

24 ns 

24 ns 

Cn to Cn + 4 

15 ns 

15 ns 

Cn to Cn + 4 

15 ns 

15 ns 

Cn to Fj 

16 ns 

- 

Cn to Cn + 4i OVR 

- 

15 ns 

16-Bit Speed 

70 ns 

69 ns 


The Am25LS2517 in a 16-Bit Ripple Carry ALU Connection. 



TYPICAL SPEED CALCULATIONS 


AF001420 



Path 


Output 

F 

Cn + 4, OVR 

Aj or Bj to G or P 

20 ns* 

20 ns* 

Gj or Pj to Cj + j 
(Am2902) 

8 ns 

8 ns 

Cn to F 

16 ns 

- 

Cn to Cn + 4) OVR 

- 

15 ns 

16-Bit Speed 

44 ns 

43 ns 


* Note that Sj to G or P may be longer path. 

The Am25LS2517 and Am25LS381 in a 16-Bit Carry Lookahead ALU Connection. 


USER NOTES 

1. Throughout this data sheet, the active HIGH input and 
output terminology has been used. 

2. Arithmetic operations are performed on a word basis. 

3. Logic operations are performed on a bit basis. 


4. Arithmetic in 1's complement notation requires an end 
around carry. 

5. Subtraction in 2's complement notation requires a carry In 
(Cn = HIGH) for the active HIGH case. 
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Am25LS381/Am54LS381/Am74LS381 
._ Am25LS2517 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature....-65®C to +150^0 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage (Except Am25LS2517, 

Cn input = 5.5V).-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®G to +70'’C 

Supply Voltage.+ 4.76V to + 5.25V 

Military (M) Devices 

Temperature....-55®C to +125®C 

Supply Voltage.+4.5V to +5.6V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Am25LS381 • Am25LS2517 




Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, Ioh = 
V|N = V|H or V|L 

-440uA 


MIL 

2.5 

3.4 


Volts 




COM’L 

2.7 

3.4 






lOL* 

4.0 mA 



0.4 


VoL 

Output LOW Voltage 

Vcc = MIN 

V|N * V|H or V|L 


lOL* 

8.0mA 



0.45 

Volts 


5, Iql* 

16mA 



0.55 


V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed inout loaicat LOW 

MIL 



0.7 

Volts 

voltage for all inputs. 



COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc* min, Iin*- 

18mA 





-1.5 

Volts 







Any S 



-0.36 


'IL 

Input LOW Current 

Vcc* max, V|n = 




Any A or B 



-1.44 

mA 

U.4V 


’LS381, Cn 



-1.08 







'LS2517, Cn 



-1.44 








Any S 



20 


l|H 

Input HIGH Current 

Vcc = max, V|n = 




Any A or B 



80 

mA 

2./V 


'LS381. Cn 



60 







’LS2517, Cn 



80 







— 

Any S 



0.1 



Input HIGH Current 

Vcc * max, Vin = 




Any A or B 



0.4 

mA 

l| 

/.uv 


'LS381, Cn 



0.3 



Vcc* max, Vin = 

5.5V 


'LS2517, Cn 



0.4 


isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 




... 


Am25LS381 



40 


icc 

Power Supply Current 
(Note 4) 

Vcc * max 

MIL 

Am25LS2517 



43 

mA 

.. 

. 

Am25LS381 


25 

43 

, 



UUM L 

Am25LS2517 


27 

47 


Notes: 1. Typical limits are at Vcc®|5-0V, 26®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: LS381: So * Si ® SaGND, all other inputs open. 

LS2517: So “ Cp = open, all other inputs = GND. 
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DC CHARACTERISTICS over operating range unless otherwise specified 

AM54LS/74LS381 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc^MIN, loH = -400/iA 

V|N = V|H or V|L 

MIL 

2.5 

3.4 


Volts 

COM’L 

2.7 

3.4 


VOL 

Output LOW Voltage 

Vcc * min 

V|N = V|H or V|L 

Iol = 4.0 mA 



0.4 

Volts 

74LS only, Iql = 8mA 



0.5 

P, Iql = 8.0mA 



0.5 

S, Iql “ 16mA 



0.65 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N“-18mA 



-1.5 

Volts 

l|L 

Input LOW Current (Note 5) 

Vcc = max, V|n = 0.4V 

Any S 



-0.4 

mA 

Others 



-1.6 

l|H 

Input HIGH Current (Note 5) 

Vcc = max, V|n = 2.7V 

Any S 



20 


Others 



80 

l| 

Input HIGH Current (Note 5) 

Vcc = max, V|n = 7.0V 

Any S 



0.1 

mA 

Others 



0.4 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-100 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 


25 

43 

mA 


Notes; 1. Typical limits are at Vcc*5.0V, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: LS381: So = Si = S 2 “ GND, all other inputs open. 

LS2517: Sq * Cp = open, all other inputs = GND. 

5. Limits chosen by AMD based on SN545/74S381, T, I, LS data unavailable. 


SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Am25LS 

Am54LS/74LS 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

tPLH 

Cp to Fj 

Cl=15pF 

Rl = 2.0kS^ 


14 

21 



26 

ns 

tPHL 


16 

24 



30 

tPLH 

Aj to Bj to Fj 


mm 





ns 

tPHL 


11^31 




40 

tPLH 

Sj to Fj 



lll^iii 




ns 

tPHL 


wm 

mm 



40 

tPLH 

Aj or Bj to S (■LS381 Only) 



IQQIII 




ns 

tPHL 


mm 

il^ii 




tPLH 

Aj or Bj to P ('LS381 Only) 


17 

191 



wm 

ns 

tPHL 


15 

IQIIII 



IHB 

tPLH 

Sj to S or P ('LS381 Only) 



■■ 



1911 

ns 

tPHL 



—1 



42 

tPLH 

Aj or Bj to OVR ('LS2517 Only) 


23 

34 



- 

ns 

tPHL 


24 

ii^lli 



- 

tPLH 

Aj or Bj to Cn + 4 ('LS2517 Only) 


mm 

191 



- 

ns 

tPHL 


mm 




- 

tPLH 

Sj to OVR or Cn + 4 ('LS2517 Only) 


27 

■■ 



- 

ns 

tPHL 



55 



- 

tPLH 

Cp to Cn + 4 ('LS2517 Only) 


14 

21 



- 

ns 

tPHL 


15 

IIQII 



- 

tPLH 

Cp to OVR ('LS2517 Only) 


mm 

1191 



- 

ns 

, tpHL 


mm 




- 


> 

3 


ro 

ai 

r 


CP 

00 


3 

r 

CO 

CP 

00 
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Am25LS2517 


Am25LS only 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL 


Parameters 


Description 


Test Conditions Min 


Cl = 50pF 
Rl = 2 .0Kn 


Ai or Bj to G ('LS381 Only) 


Aj or Bj to P ('LS381 Only) 


Sj to ^ or P ('LS381 Only) 


Aj or Bi to OVR ('LS2517 Only) 


Aj or Bj to Cn + 4 ('LS2517 Only) 


Sj to OVR or Cn + 4 ('LS2517 Only) 


Cn to Cn + 4 ('LS2517 Only) 


Cn to OVR (’LS2517 Only) 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 




Am25LS/Am54LS/74LS 
LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am25LS2518 

Quad D Register with Standard and Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Low-Power Schottky version of the popular Am2918 and • Four three-state outputs 

Am25S18 • Four D-type flip-flops 

• Four standard totem-pole outputs • Second sourced by T. I. as the SN54/74LS388 


GENERAL DESCRIPTION 


The Am25LS2518 consists of four D-type flip-flops with a 
buffered common clock. Information meeting the set-up 
and hold requirements on the D inputs is transferred to the 
Q outputs on the LOW-to-HIGH transition of the clock. 

The same data as on the Q outputs is enabled at the three- 
state Y outputs when the "output control" (OE) input is 
LOW. When the OE input is HIGH, the Y outputs are in the 
high-impedance state. 

The Am25LS2518 is a 4-bit, high-speed register intended 
for use in real-time signal processing systems where the 


standard outputs are used in a recursive algorithm and the 
three-state outputs provide access to a data bus to dump 
the results after a number of iterations. 

The device can also be used as an address register or 
status register in computers or computer peripherals. 

Likewise, the Am25LS2518 is also useful in certain display 
applications where the standard outputs can be decoded to 
drive LED's (or equivalent) and the three-state outputs are 
bus organized for occasional interrogation of the data as 
displayed. 


BLOCK DIAGRAM 



STANDARD 
' OUTPUTS 


THREE-STATE 
I OUTPUTS 


BD001510 


RELATED PRODUCTS 


Part No. 

Description 

Am25Sl8 

Quad D Register 

Am2918 

Quad D Register 

Am29LS18 

Quad D Low Power Register 

Am29LS2519 

Quad D Low Power Register 
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Am25LS2518 


CONNECTION DIAGRAM 
Top View 




LOGIC SYMBOL 


Note: Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2518 D C B 

I—Screening Option 

Blank - Standard processing 
B “ Burn-In 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55°C to +125°C) 

— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
L-20-pin leadless chip carrier 
P-16-pin plastic DIP 
X- Dice 

Device type 
Quad D Register 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2518 

FM 



LC, 

LM 


XC, 

XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 


03618B 

Refer to Page 13-1 for Essential Information on Military Devices 


'I 


9-90 





PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


Di 

1 

The four data inputs to the register. 


Qi 

0 

The four data outputs of the register with standard totem-pole active pull-up outputs. Data is passed non-inverted. 


Yi 

0 

The four three-state data outputs of the register. When the three-state outputs are enabled, data is passed non- 
inverted. A HIGH on the "output control" Input forces the Yj outputs to the high-impedance state. 

9 

CP 

1 

Clock. The buffered common clock for the register. Enters data on the LOW-to-HIGH transition. 

7 

5e 

1 

Output Control. When the input is HIGH, the Yi outputs are in the high-impedance state. When the OE input is 

LOW, the TRUE register data is present at the Yj outputs. 


TRUTH TABLE 


INPUTS 

OUTPUTS 

NOTES 

OE 

CLOCK 

CP 

D 

Q 

Y 

H 

L 

X 

NC 

Z 

_ 

H 

H 

X 

NC 

Z 

- 

H 

T 

L 

L 

z 

- 

H 

T 

H 

H 

z 

- 

L 

T 

L 

L 

L 

- 

L 

T 

H 

H 

H 

- 

L 

- 

- 

L 

L 

1 

L 

- 

- 

H 

H 

1 


L = LOW NC = No change 

H = HIGH T = LOW-to-HIGH transition 

X = Don't care_ Z = High-Impedance 

Note: 1. When OE is LOW, the Y output will be In 
the same logic state as the Q output. 



/ 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc niax 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vec = min 

V|N = V|H or ViL 


MIL 

2.5 

3.4 


Volts 

COM’L 

2.7 

3.4 


Y 

MIL, loH =-1.0mA 

2.4 

3.4 


COM’L, loH =-2.6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vec = min 

V|N = V|H or V|L 

Iql “ 4.0 mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

Iql * 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vec = min, liN“-18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vec = max, V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vec = max, V|n = 2.7V 



20 


l| 

Input HIGH Current 

Vec = max, ViN = 7.0V 



0.1 

mA 

loz 

Off-State (High-Impedance) 
Output Current 

Vec = max 

Vo = 0.4V 



-20 

/iA 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vec = max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vec = max 


17 

28 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Ice's measured with all inputs at 4.5V and all outputs open. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage. .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Note 1. Per Industry convention, f^ax ‘S the worst case value of the maximum device operating frequency with no constraints on V, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 
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Am25LS2519 

Quad Register with Two Independently Controlled Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 

• Two sets of fully buffered three-state outputs • Buffered common asynchronous clear 

• Four D-type flip-flops • Separate buffered common output enable for each set 

• Polarity control on W outputs of outputs 

• Buffered common clock enable 


GENERAL DESCRIPTION 


The Am25LS2519 consists of four D-type flip-flops with a 
buffered common clock enable. Information meeting the 
set-up and hold time requirements on the D inputs is 
transferred to the flip-flop outputs on the LOW-to-HIGH 
transition of the clock. Data on the Q outputs of the flip- 
flops is enabled at the three-state outputs when the output 
control (OE) input is LOW. When the appropriate OE input 
is HIGH, the outputs are in the high impedance state. Two 
independent sets of outputs - W and Y - are provided such 


that the register can simultaneously and independently 
drive two buses. One set of outputs contains a polarity 
control such that the outputs can either be inverting or non¬ 
inverting. 

The device also features an active LOW asynchronous 
clear. When the clear Input is LOW, the Q output of the 
internal flip-flops are forced LOW independent of the other 
Inputs. The Am25LS2519 is packaged in a space saving 
(0.3-inch row spacing) 20-pin package. 


BLOCK DIAGRAM 



CLEAR POLARITY OUTPUT ENABLE 

BD001320 


RELATED PRODUCTS 


Part No. 

Description 

Am25S18, Am2918 

Quad D Register 

Am25LS2518 

Quad D Register 
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Am25LS2519 


CONNECTION DIAGRAM 
Top View 


D-20-1 


L-20-1 



.f >8 g 



Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


20 ^ 
19 CLR 



CP 9 


GND 10 


DIE SIZE 0.083" x 0.099" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2519 


D 


C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0°C to + 70®C) 

M - Military (-55°C to +125X) 

Package 

D- 20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pln plastic DIP 
X- Dice 


Device type 
Quad D Register 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2519 

FM 



LC, 

LM 


XC, 

XM 


Valid Combinations 

Consult the AMD sales office In your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

1 

Any of the four D flip-flop data lines. 

17 

E 

1 

Clock Enable. When LOW,'the data is entered into the register on the next clock LOW-to-HIGH transition. When 
HIGH, the data in the register remains unchanged, regardless of the data in. 

9 

CP 

1 

Clock Pulse. Data is entered into the register on the LOW-to-HIGH transition. 

7, 8 

OE^, 

5e^ 

0 

Output Enat^e. When 5 e is LOW, the register Is enable to the output. When HIGH, the output is in the high-impedance 
state. The OE-W controls the W set of outputs, and 6E-Y controls the Y set. 


Yj 

0 

Any of the four non-inverting three-state output lines. 


Wj 

0 

Any of the four three-state outputs with polarity control. 

18 

POL 

0 

Polarity Control. The Wj outputs will be non-inverting when POL is LOW, and when it is HIGH, the outputs are inverting. 

19 

Clr 

1 

Asynchronous Clear. When CLP is LOW, the internal Q flip-flops are reset to LOW. 


FUNCTION TABLE 


FUNCTION 

INPUTS 

INTERNAL 

OUTPUTS 

CP 

D| 

E 

CLR 

POL 



Q 

Wi 

Yi 

OE-W 

OE-Y 

Output Three-State Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

L 

H 

L 

L 

H 

H 

L 

NC 

NC 

NC 

NC 

z 

Enabled 

Z 

Enabled 

Enabled 

Z 

z 

Enabled 

W: PniArih/ 

X 

X 

X 

X 

L 

L 

L 

NC 

Non-Inverting 

Non-Inverting 

W j r iiy 

X 

X 

X 

X 

H 

L 

L 

NC 

Inverting 

Non-Inverting 

Asynchronous Clear 

X 

X 

X 

X 

X 

X 

L 

L 

L 

H 

L 

L. 

L 

L 

L 

L 

L 

H 

L 

L 


t 

X 

H 

H 

X 

X 

X 

NC 

NC 

NC 


T 

L 

L 

H 

L 

L 

L 

L 

L 

L 

Clock Enabled 

T 

L 

L 

H 

H 

L 

L 

L 

H 

L 


T 

H 

L 

H 

L 

L 

L 

H 

H 

H 


T 

H 

L 

H 

H 

L 

L 

H 

L 

H 


L = LOW X » Don’t Care 

H = HIGH NC - No Change 

Z “ High-Impedance T = LOW to HIGH Transition 


APPLICATION 


DATA BUS 


DATA 

INPUTS 


CONTROL 

INPUTS 


P 


CP Am25LS2519 


OE Y 
POL 




AF000681 


Convenient Register Content Monitor or Test Point 


9 
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Am25LS2519 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature......-65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125X 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..-0.5V to +Vcc 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.... .30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature....0°C to + 70®C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military* (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage..... .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ min 

V|N = V|H or V|L 

MIL, loH“-10mA 

2.4 

3.4 


Volts 

COM'L, loH“- 2.6mA 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc “ min 

V|N = ViH or V|L 

Iql “ 4.0 mA 



0.4 

Volts 

Iql “ 8.0mA 



0.45 

Iql “ 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

VlL 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc “MIN, liN = -'l8mA 



-1.5 

Volts 

III 

Input LOW Current 

Vcc “ max, V|n = 0.4V 



-0.36 

mA 

IlH 

Input HIGH Current 

Vcc “ max, V|n = 2.7V 



20 

fiA 

l| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 



0.1 

mA 

loz 

Off-State (High-Impedance) 
Output Current 

Vcc “MAX 

Vo = 0.4V 



-20 

fxA 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc “ max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc “ max 

MIL 


24 

36 

mA 

COM’L 


24 

39 


Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Inputs grounded: outputs open. 


type. 
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SWITCHING CHARACTERISTICS (Ta = +25‘»C, Vcc = 5 0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPHL 

Clock to Yj 

Cl= 15pF 

rl = 2.0ka 


22 

33 

ns 

tpHL 


20 

30 

tPLH 

Clock to Wj 
(Either Polarity) 


24 

36 

ns 

tpHL 


24 

36 

tpHL 

Clear to Yj 


29 

43 

ns 

tpLH 

Clear to Wj 


25 

37 

ns 

tPHL 


30 

45 

tPLH 

Polarity to Wj 


23 

34 

ns 

tPHL 


25 

37 

tpw 

Clear 

18 



ns 

fpw 

Clock Pulse Width 

LOW 

15 



ns 

HIGH 

18 




Data 

15 



ns 

th 

Data 

5 



ns 

^8 

Data Enable 

20 



ns 

th 

Data Enable 

0 



ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to clock 

20 

15 


ns 

tZH 

Output Enable to W or Y 


11 

17 

ns 

tZL 


13 

20 

tHZ 

Output Enable to W or Y 

Cl = 5.0pF 

Rl = 2.0kf2 


13 

20 

ns 

tLZ 


11 

17 

fmax 

Maximum Clock Frequency (Note 1) 

Cl=15pF 

Rl = 2.0kS2 

35 

45 


MHz 


Note 1. Per industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on tr, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 






COMMERCIAL 

MILITARY 






Am25LS2519 

Am25LS2519 


Parameters 

Description 

Test Conditions 

Min 

Max 

Min 

Max 

Units 

tPLH 

Clock to Yj 



39 


42 


tPHL 



39 


45 

ns 

tPLH 

Clock to Wj 




41 


43 


tpHL 

(Either Polarity) 




44 


48 

ns 

tPHL 

Clear to Yj 



52 


58 

ns 

tPLH 

Clear to Wj 



42 


43 


tpHL 



51 


53 

ns 

tpLH 





41 


45 


tpHL 

5 

o 


Cl = 50pF 


42 


44 

ns 

W 

Clear 

Rl = 2.0kfl 

20 s 


20 


ns 


Clock 

LOW 


20 


20 



tpw 

HIGH 


20 


20 


ns 

ts 

Data 


15 


15 


ns 

th 

Data 


10 


10 


ns 

ts 

Data Enable 


25 


25 


ns 

th 

Data Enable 


0 1 


0 

1 

ns 

ts 

Set-up Time, Clear 

Recovery (Inactive) to Clock 


23 


24 


ns 

tZH 


. 



24 


27 


tZL 

uuipui tnaoie to Wj or Yj 


1 

29 


35 


tHZ 

...... 

. 

Cl = 5.0pF 

Rl = 2.0kS2 


33 


45 


tLZ 

output bnabie to Wj or Yj 


22 


26 

ns 

tmax 

Maximum Clock Frequency 
(Note 1) 

Cl = 5.0pF 

Rl = 2.0kS2 

30 


25 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2519 


Am25LS2519 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONOmONS 



IC000090 


Note: Actual current flow direction shown. 


9-100 


03660B 

Refer to Page 13-1 for Essential Information on Military Devices 




Am25LS2520 

Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input • 8>bit, high-speed parallel register with positive edge- 

• Buffered common asynchronous clear input triggered, D-type flip-flops 

• Three-state outputs • Am25LS Family offers improved sink current, source 

current and noise margin 


GENERAL DESCRIPTION 


The Am25LS2520 is an 8-bit register built using advanced 
Low-Power Schottky technology. The register consists of 
eight D-type flip-flops with a buffered common clock, a 
buffered common clock enable, a buffered asynchronous 
clear input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic 0 (LOW), independent of all other 
inputs. When the clear Input is HIGH, the register operates 
In the normal fashion. 

When the three-state output enable (OE) Input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 


When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) js used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 

This device Is packaged In a space-saving (0.4-inch row 
spacing) 22-pin package and In a 24-pin flatpack. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25S18 

Quad D Register 

Am2920 

Octal D-Type Flip-flop 

Am2954/5 

Octal D Registers 


03698B 
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Am25LS2520 


F-24 



CONNECTION DIAGRAM 
Top View 


D-22, P-22 L-28-1 

i 1 § >« ^ 




Note: Pin 1 is marked for orientation 
* Reserved - do not use. 


LOGIC SYMBOL 


34 7 8 13 14 17 18 



METALLIZATION AND PAD LAYOUT 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2520 


C B 

Valid Combinations 

I—Screening Option 


PC 

Blank - Standard processing 


DC, DM 

B - Burn-in 

Am25LS2520 

FM 

— Temperature (See Operating Range) 


LC, LM 

C -Commercial (OX to +70X) 


XC, XM 


M - Military (-55°C to +125X) 


'— Package 

D-22-pin CERDIP 
F-24-pin flatpak 
L-28-pin leadless chip carrier 
P-22-pin plastic DIP 

X-Dice Valid Combinations 

Consult the AMD sales office in your area to 
Device type determine if a device is currently available in the 

Octal D-type Flip-Flop combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

1 

The D flip-flop data inputs. 

1 

Clr 

1 

When the clear input is LOW, the Qj outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the register. 

11 

CP 

1 

Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 


Yj 

0 

The register three-state outputs. 

21 

E 

1 

Clock Enable. When the clock enable is LOW, data on the Dj input is transferred to the Qj output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the Qj outputs do not change state, regardless of the data or clock 
input transitions. 

20 

5e 

1 

Output Control. When the 5E input is HIGH, the Yj outputs are in the high impedance state. When the Se input is 
LOW, the TRUE register data is present at the Yj outputs. 


FUNCTION TABLE 



Inputs 

Internal 

Outputs 

Function 

0E 

CLR 

E 

D| 

CP 

Q| 

Yi 

Hi-Z 

H 

X 

X 

X 

X 

X 

Z 

Clear 

H 

L 

X 

X 

X 

L 

Z 


L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

Z 


L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

T 

L 

Z 


H 

H 

L 

H 

T 

H 

z 


L 

H 

L 

L 

T 

L 

L 


L 

H 

L 

H 

T 

H 

H 


H = HIGH T = LOW-to-HIGH Transition 

L = LOW X = Don't Care 

NC = No change Z = High-Impedance 
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APPLICATIONS 

16 BIT DATA BUS 


INSTRUCTION REGli 


MAPPING PROM \ 


MICROPROCESSOR 
SEQUENCER 



56 BIT pipeline REGISTER 


A typical Computer Control Unit for a microprogrammed machine. 



AF000660 


The Am25LS2520 is a useful device in Interfacing with the Am9080A system buses. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless othen/vise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc min 

V|N = V|H or V|L 

MIL, loH“-10mA 

2.4 

3.4 


Volts 

COM'L, loH = -2.6mA 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or V|L 

Iol = 4.0 mA 



0.4 

Volts 

Iql “ 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc “ min, l|N~~18f^A 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max, ViN = 2.7V 



20 

ma 

l| 

Input HIGH Current 

Vcc = max, ViN = 7.0V 



0.1 

mA 

•o 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0.4V 



-20 

mA 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max 


24 

37 

mA 


Notes; 1. Typical limits are at Vcc“5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. All outputs open, E = GND, Di inputs = CLR = Q€ = 4.5V. Apply momentary ground, then 4.5V to clock input. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.OX to +70X 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55X to +125X 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am25LS2520 


SWITCHING CHARACTERISTICS (Ta = + 26 X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Yj (iSE LOW) 

Cl=15pF 

RL = 2.0kfli 


18 

27 

ns 

tPHL 


24 

36 

tPHL 

Clear to Y 


22 

35 

ns 

ts 

Data (Dj) 

10 

3 


ns 

th 

Data (Dj) 

10 

3 


ns 

fs 

Enable (E) 

Active 

15 

10 


ns 

Inactive 

20 

12 


th 

Enable (E) 

0 

0 

1 

ns 

ts 

Clear Recovery (In-Active) to Clock 

11 

7 

1 

ns 

tw 

Clock 

HIGH 

20 

14 

n 

ns 

LOW 

25 

13 


tpw 

Clear 

20 

13 


ns 

tZH 

0E to Yj 


9 

13 

ns 

tZL 


14 

21 

tHZ 

UE to Yj 

Cl = 5.0pF 

Rl = 2.0k^l 


20 

30 

ns 

tLZ 


24 

36 

tmax 

Maximum Clock Frequency (Note 1) 



40 


MHz 


Note 1. Per industry convention, fmax is the worst case value of the maximum device operating frequency with no constraints on V, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 

Description 

Test Conditions 

COMMERCiAL 

MILITARY 

Units 

Am25LS2520 

Am25LS2520 

Min 

Max 

Min 

Max 

tPLH 

Clock to Y, (5E LOW) 

Cl = 50pF 

Rl = 2.0kn 


33 


39 

ns 

tPHL 


45 


54 

tPHL 

Clear to Y 


43 


51 

ns 

ts 

Data (Dj) 

12 


15 


ns 

th 

Data (Dj) 

12 


15 


ns 

ts 

Enable (E) 

Active 

17 


20 


ns 

Inactive 

20 


23 


th 

Enable (E) 

0 


0 


ns 

ts 

Clear Recovery (In-Active) to 

Clock 

13 


15 


ns 

tpw 

Clock 

HIGH 

25 


30 


ns 

LOW 

30 


, 35 


tpw 

Clear 

22 


25 


ns 

tZH 

GE to Yj 


19 


25 

ns 

tZL 


30 


39 

tHZ 

to Yj 

. 

Cl = 5.0pF 

Rl = 2.0ki2 


35 


40 

ns 

tLZ 


39 


42 

tmax 

Maximum Clock Frequency 
(Note 1) 

■ 

25 


20 


MHz 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2520 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



1C000090 


Note; Actual current flow direction shown. 
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Am25LS2521 


Am25LS2521 

Eight-Bit Equal-to Comparator 


DISTINCTIVE CHARACTERISTICS 

• 8 -blt byte oriented equal comparator • tpq A • B to Equi in 9ns 

• Cascadable using Ein • Standard 20-pin package 

• High-speed, Low-Power Schottky technology 


GENERAL DESCRIPTION 

The Am25LS2521 is an 8 -bit "equal to" comparator 
capable of comparing two 8 -blt words for "equal to" with 
provision for expansion or external enabling. The matching 
of the two 8 -bit Inputs plus a logic LC^ on the E|n 
produces an active LOW on the output Equt- 

The logi c expression for the device can be expressed as: 

^UT = (Ao ® Bo) (Ai O Bi) (A 2 O B 2 ) (A 3 O B 3 ) (A 4 0 B 4 ) 


Aoo- 

®0O-^O- 

Al Q_ . 

Bl O— 

A2 0_- 

B20-^O- 

A3 o - - .— - 

B30-^O- 

A40-- 

B40- 

A5q- 

B50—^O- 
Aeo- 

B 6 Q- 

A70- 

07 0 -^O- 

Ein O- 


RELATED PRODUCTS 


Part No. 

Description 

Am29806 

Chip Select Decoder 

Am29809 

9-Bit Comparator 
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BLOCK DIAGRAM 


5^30 



(A 5 O B 5 ) Y(A 6 O B 6 ) (A 7 © By) E||m. It Is obvious that the 
expression is valid where Aq - Ay and Bq - By are 
expressed as either assertions or negations. This is also 
true for pair_of terms i.e. Aq can 1 :^ compared with Bq at the 
same time Ai Is compared with Bi. It is only essential that 
the polarity of the paired terms be maintained. 





CONNECTION DIAGRAM 
Top View 

D-20-1 L-20-1 

Ein 
A o 
Bo 

Al 
Bl 
A 2 
B 2 
A 3 

83 
GNO 

CD001610 CD001600 

Note; Pin 1 is marked for orientation 




LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


18 17 16 15 14 13 12 11 9 8 7 6 5 4 3 2 



E|N 

Ao 


Bo 

Ai 

Bl 

A 2 

02 

As 

Bs 



20 Vcc 

19 Bout 

18 By 


17 Ay 

16 06 
15 Afi 
14 05 

13 Ag 

12 04 

11 A4 
10 GNO 


DIE SIZE 0.068" K 0.058' 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2521 


C B 

Valid Combinations 

1— Screening Option 


PC 

Blank - Standard processing 


DC, DM 

B - Burn-in 

Am25LS2521 

FM 

— Temperature (See Operating Range) 


LC, LM 

C -Commercial (OX to +70X) 


XC, XM 


M - Military (-55®C to +125°C) 


'— Package 

D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 

Device type 

8 -Bit Equal-to-Comparator 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device is currently available In the 
combination you wish. 
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Am25LS2521 


PIN DESCRIPTION 




I/O 

Description 



1 

A input to comparator. 


B 0 -B 7 

1 

B input to comparator. 

1 


1 

Enable active LOW. 

19 


0 

EQUAL output active LOW. 


APPLICATION 



MAX, ENABLE (HIGH-to-LOW) DELAY 
OVER 16 -BITS 
(Commercial Range) 


tPHL 

Aj or Bj 
to EouT 

19ns 

tpHL 

EjN to 

Eout 

12.5ns 

Total 

31.5ns 


Note: This part does not have internal pull up resistors. In this application external pull ups should be added 
to the 16 ports. 


MICROPROCESSOR ENABLE CONTROLLED, 
SELECTABLE, ADDRESS DECODER 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature..-65°C to +150®C 

(Ambient) Temperature Under Bias.-55°C to +125°C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current......-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature..0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+4.6V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

Vqh 

Output HIGH Voltage 

vSf= Vw^or ViL 

MIL 

2.5 



Volts 

COM'L 

2.7 



VoL 

Output LOW Voltage 

Vcc = MIN 

ViN = V|H or V|L 

Iql ~ 4.0 mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

Iql = 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all Inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N=-18mA 



-1.5 

Volts 

'IL 

Input LOW Current 

Vcc = max, V|n = 0.4V 

Ai. Bi 



-0.36 

mA 

E 



-0.72 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 

Ai. Bi 



20 

ma 

E 



40 

i| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 

Ai. Bi 



0.1 

mA 

E 



0.2 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 


27 

40 

mA 


Notes: 1. Typical limits are at Vcc-5.0V, 25‘’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. E = GND, all other inputs and outputs open. 


type. 
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SWITCHING CHARACTERISTICS (Ta = +25<>C. Vcc * 5.0V) 

Parameters Description Test Conditions Min Typ Max 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

Am25LS2521 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am25LS2535 

Eight-Input Multiplexer with Control Register 


DISTINCTIVE CHARACTERISTICS 


• High speed eight-input multiplexer 

• On-chip Multiplexer Select and Polarity Control Register 

• Output polarity control for inverting or non-inverting 
output 

• Common register enable 


• Asynchronous register clear 

• Three-state output for expansion 

• Am25LS features improved noise margin, higher drive, 
and faster operation 


GENERAL DESCRIPTION 


The Am25LS2535 is an eight-input Multiplexer with Control 
Register. The device features high speed from clock to 
output and is intended for use in high speed computer 
control units or structured state machine designs. 

The Am25LS2535 contains an internal register which holds 
the A, B, and C multiplexer select lines as well as the POL 
(polarity) control bit. When the Register Enable input (RE) is 
LOW, new data is entered into the register on the LOW-to- 
HIGH transition of the clock. When RE is HIGH, the re giste r 
retains its current data. An asynchronous clear input (CLR) 
is used to reset the register to a logic LOW level. 

The A, B and C register outputs select one of eight 
multiplexer data inputs. A HIGH on the Polarity Control flip- 


flop output causes a true (non-inverting) multiplexer output, 
and a LOW causes the output to be inverted. In a computer 
control unit, this allows testing of either true or complemen¬ 
ted flag data at the microprogram sequencer test input. 

An active LOW Multiplexer Enable input (^) allows the 
selected multiplexer input to be passed to the output. When 
ME is HIGH, the output is determined only by the Polarity 
Control bit. 

The Am25LS2535 also features a three-state Output En¬ 
able control (OE) for expansion. When OE is LOW, the 
output is enabled. When ^ is HIGH, the output is In the 
high impedance state. 


BLOCK DIAGRAM 



03697B 



9-113 


Refer to Page 13-1 for Essential Information on Military Devices 


Am25LS2535 




Am25LS2535 


CONNECTION DIAGRAM 
Top View 


D-20-1 


w c * 

aC4 

cC* 

8C6 
cpCr 
5 Cr C • 

POL C « 
GNO C 


!0 J Vcc 

1» □ O, 

18 II 

17 □ O 3 
16 □ 5E 

18 □ V 
<0 

10 O5 

12 □ O, 

11 □ O 7 

CD001860 


L-20-1 

fH M P a 



Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


1 19 18 17 14 13 12 11 


METALLIZATION AND PAD LAYOUT 



CLR 8 - 
POL 9 


iiLWpyjp* 

Is-^ ; nuiJ 1 null 1 lU 






DIE SIZE 0.080" X 0.099" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2535 


C B 

Valid Combinations 

'—Screening Option 


PC 

Blank - Standard processing 


DC, DM 

B - Burn-in 

Am25LS2535 

FM 

— Temperature (See Operating Range) 


LC, LM 

C -Commercial (OX to +70X) 


XC,. XM 


M - Military (-55°C to +125X) 

I— Package 

D- 20-pin CERDIP 
20-pin flatpak 

20-pin leadless chip carrier 
20-pin plastic DIP 
Dice 


F- 

L- 

P- 

X- 


Device type 
8-Input Multiplexer 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

4, 6 , 5 

A, B, C 

0 

Multiplexer Select Lines. One of eight multiplexer data inputs is selected by the A, B and C register outputs. 

9 

POL 

0 

Polarity Control Bit. A HIGH register output causes a true (non-inverted) output and a LOW causes the output to be 
inverted. 

2 

ME 


Multiplexer Enable. When LOW, it enabled the 8 -input multiplexer. When HIGH, the Y output is determined by only the 
Polarity Control bit. 

3 

RE 


Register Enable. When LOW, the Multiplexer Select and Polarity Control Register is enabled for loading. When HIGH, 
the register holds its current data. 

8 

Clr 


Clear. A LOW asynchronously resets the Multiplexer Select and Polarity Control Register. 


Di-Dfl 

1 

Data Inputs to the 8 -input multiplexer. 

7 

CP 


Clock Pulse. When RE is LOW, the Multiplexer Select and Polarity Control Register changes state on the LOW-to- 
HIGH transition of CP. 

16 


0 

Output Enable. When LOW, the output is enabled. When HIGH, the output is in the high-impedance state. 

15 

Y 

0 

The chip output. 

FUNCTION TABLE 

MODE 

INPUTS 

INTERNAL 

INPUTS 

OUTPUT 

C B A POL Rl ^ CP 

Qc Qb Qa Qpol 

ME 

OE 

Y 

Clear 

X X X X X L X 

i i i i i i i 

L L L 

i i i ^ 


H 

L 

X 

L 

L 

H 

H 

Do 

Z 

Reg. Disable 

X X X X H H X 

NC NC NC NC 

L 

L 

Di/Di 
(Note 1) 

Select 

(Multiplex) 

L L L Ly 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H ^ 

H 

r ^ 

r ^ 

r 

L L L Ly 

L L H 

L H L 

L H H 

H L L 

H L H 

H H L 

H H H ^ 

H 

r 


r 


r 

go/Do 

Di/0, 

D 2 /D 2 

D 3 /D 3 

D 4 /D 4 

D 5 /D 5 

De/De 

D 7 /D 7 

Multiplexer 

Disable 









X X X L 

X X X H 

H 

H 

L 

L 

H 

L 

Tri-state 

Output 

Disable 


r ^ 

r r 

r ^ 

r t 

r ^ 


r 

X X X X 

X 

H 

Z 


NC = No Change 
X = Don’t Care 

Note 1: The output will follow the selected input, Dj, or its complement depending on the state of the POL flip-flop. 
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Am25LS2535 


APPLICATION 


INSTRUCTION 
INPUTS 
FROM PIPELINE 
REGISTER 


TEST 

INPUTS 



A versatile one-of-sixteen Test Select 







ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous..-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless othenvise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, loH =-2.0mA 

2.4 

3.4 


Volts 

COM’L, loH =-6.5mA 

2.4 

3.2 


VOL 

Output LOW Voltage 

Vcc = min 

V|N = V|H or VjL 

Iol = 4 0 mA 



0.4 

Volts 

•OL = 8.0mA 



0.45 

Iql == 20mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc * max 

V|N = 0.4V 

K^, OE, RE 



-0.72 

mA 

Dn. a, B, C, POL, CP, UJR 



- 2.0 

l|H 

Input HIGH Current 

Vcc = max 

V|N » 2.7V 

ME, OE, RE 



40 

ma 

Dn, a. B, C, POL, CP, SLR 



50 

l| 

Input HIGH Current 

Vcc = max 

V|N = 5.5V 

OE, RE 



0.1 

mA 

Dn, a, B. C, POL, CP, SLR 



1.0 

loz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0.4V 



-50 

mA 

Vo = 2.4V 



50 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-40 


-100 

mA 

icc 

Power Supply Current 
(Note 4) 

Vcc = max 


97 

148 



: 1. Typical limits are at Vcc = 5.0V, 25”C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. D 1 -D 7 , A, B, C, POL, ME, CLR at GND. All other inputs and outputs open. 

Measured after a momentary ground then 4.5 V applied to clock input. 


type. 
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Am25LS2535 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Y POL - LOW 

CL = 15pF 

Rl = 2.0k^l 


21 

32 

ns 

tPHL 


19 

29 

tPLH 

Clock to, Y POL - HIGH 


16 

24 

ns 

IPHL 


19 

29 

tPLH 

Dn to Y 


10 

16 

ns 

tPHL 


13 

19 

tPLH 

SLR to Y 


22 

33 

ns 

tPHL 


22 

33 

tPLH 

Mi to Y 


12 

18 

ns 

tPHL 


12 

18 

tZL 

QE to Y 


8 

14 

ns 

tZH 


8 

14 

tLZ 

Cl = 5.0pF 

Rl = 2 .0kn 


10 

17 

ns 

tHZ 


10 

17 

Is 

A, B. C, POL 

Cl=15pF 

Rl = 2.0kSl 

10 



ns 

Ri 

15 



ts 

Clr Recovery 

5 



ns 

tpw 

Clock 

10 



ns 

Cieir (LOW) 

10 



th 

A, B, C, POL, RE 

0 



ns 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

Units 

Am25LS2535 

Am25LS2535 

Min 

Max 

Min 

Max 

tPLH 

Clock to Y, POL-L 

. 

Cl = 50pF 

Rl = 2.0kJ2 


40 


47 

ns 

tPHL 


34 


38 

tpLH 

Clock to Y, POL-H 


29 


33 


tpHL 


35 


41 

tPLH 

Dn to Y 


19 


21 

ns 

tpHL 


22 


24 

tpLH 

OT to Y 


39 


45 

ns 

tPHL 


39 


45 

tPLH 

ME to Y 


22 


26 

ns 

tPHL 


19 


20 

tZL 

SE to Y 


19 


24 

ns 

tZH 


22 


29 

tLZ 

5E to Y 

Cl = 5.0pF 

Rl = 2.0ka 


24 


30 

ns 

tHZ 


24 


30 

ts 

A, B, C POL 

Cl * 50pF 

Rl = 2.0kQ, 

11 


12 


ns 


18 


20 


ts 

bLR Recovery 

6 


7 


ns 

tpw 

Clock 

11 


12 


ns 

5iiir (LOW) 

11 


12 


th 

A, B, C, POL, ^ 

3 


3 


ns 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000090 

Note: Actual current flow direction shown. 


RELATED PRODUCTS 


Part No. 

Description 

Am2922 

8 Input Multiplexer 

Am2923 

8 Input Multiplexer 


> 

3 


lO 

ai 


(fi 

lO 

oi 

CO 

CJI 
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Am25LS2536 

Eight-Bit Decoder with Control Storage 


DISTINCTIVE CHARACTERISTICS 

• 8-bit decoder/demultiplexer with control storage • Common clear 

• a-state outputs • Polarity control 

• Common clock enable • Advanced Low-Power Schottky Process 


GENERAL DESCRIPTION 


The Am25LS2536 is an eight-bit decoder with control 
storage. It provides a conventional 8-bit decoder function 
with two enable inputs which may also be used for data 
input. This can be used to implement a demultiplexer 
function. In addition, the exclusive "OR” gate allows for 
polarity control of the selected output. The 3-state outputs 
are enabled by a LOW on the (OE) output enable. 


The three control bits representing the output selection and 
the single bit polarity control are stored in "D" type flip- 
flops. These flip-flops have both_Clear, Clock, and Clock 
Enable functions provided. The Gi and G 2 input provide 
either polarity for input control or data. 


BLOCK DIAGRAM 

8-Bit Decoder/Demultiplexer with Control Storage 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS2537 

1 of 10 Decoder 

Am25LS2538 

1 of 8 Decoder 

Am25LS2539 

Dual 1 of 4 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1 of 8 Decoder 

Am2924 

3 to 8 Line Decoder/Demultiplexer 


03666B 
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CONNECTION DIAGRAM 
Top View 




CD001930 

Note: Pin 1 Is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 

CLR 1 - - 20 Vcc 

CP 2-1 I- 19 Gi 



Vo 

Gl 

Vi 

G2 

V2 

CE 

V3 


V4 

CLR 

V5 

CP 

Vs 


v? 

A 

B C POL 



DIE SIZE 0.084" x 0.099" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2536 


Device type 
8-Bit Decoder 


'—Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C -Commercial (0®C to -»-70®C) 

M - Military (-55°C to +125®C) 

Package 

D-20-pin CERDIP 
F-20-pln flatpak 
L-20-pln leadless chip carrier 
P-20-pin plastic DIP 
X-Dice 


Valid Combinations | 


PC 



DC, 

DM 

Am25LS2536 

FM 



LC, 

LM 


XC. 

XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 






Pin No. 

Name 

I/O 

Description 

2 

CLR 

I 

Clear. When the CLEAR input is LOW, the control register outputs (Qa, Or. Qc. Qpol) set LOW regardless of any 
other inputs. 

1 

CP 

I 

Clock. Enters data into the control register on the LOW-to-HIGH transition. 

3 

CE 

I 

Clock Enable. Allows data to enter the control register when CE is LOW. When CE is HIGH, the Qj outputs do not 
change state, regardless of data or clock input transitions. 

4, 5, 6 

A, B. C 

I 

Inputs to the control register which are entered on the LOW-to-HIGH clock transition if CE is LOW. 

7 

POL 

I 

Input to the control register bit used for determining the polarity of the selected output. 

19 

5i 

I 

Active LOW part of the expression G = Si ® G 2 where G is either data input for the selected, Yn or is used as an input 
enable. 

18 

Ga 

I 

Active HIGH part of the expression G = SiG 2 . 


Yn 

0 

The three-state outputs. When active (SE * LOW), one of eight outputs is selected by the code stored in the control 
register, with the polarity of all eight determined by the bit stored in the POL flip-flop of the control register. The 
selected output can further be controlled by G according to the expression Yselected = G ® QpOL- 

8 

5E 


Output Enable. When SE is HIGH the Yn outputs are in the high^impedance state; when Se is LOW the Yn's are in 
their active state as determined by the other control logic. The OE input affects the Yn output buffers only and has no 
effect on the control register or any other logic. 


FUNCTION TABLE 



Inputs 

Internal 

Registers 

Three-State Outputs 

Mode 

C 

B 

A 

POL CE 

CLR G* 

OE 

CP 

Qc 

ta 

0 

0 

a. 

a 

a 

Yo 

Yl 

Y2 

Y 3 

Y 4 

Ys 

Ye 

Y 7 


X 

X 

X 

X 

X 

L 

L 

L 

X 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

ClOiilt 

X 

X 

X 

X 

X 

L 

H 

L 

X 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

Hold 

X 

X 

X 

X 

H 

H 

NC 

L 

1 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

Select 

L 

L 

L 

H 

L 

H 

H 

L 

t 

L 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 


L 

L 

H 

H 

L 

H 

H 

L 

T 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 


L 

H 

L 

H 

L 

H 

H 

L 

t 

L 

H 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 


L 

H 

H 

H 

L 

H 

H 

L 

t 

L 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 


H 

L 

L 

H 

L 

H 

H 

L 

T 

H 

L 

L 

H 

L 

L 

L 

L 

H 

L 

L 

L 


H 

L 

H 

H 

L 

H 

H 

L 

T 

H 

L 

H 

H 

L 

L 

L 

L 

L 

H 

L 

L 


H 

H 

L 

H 

L 

H 

H 

L 

t 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 


H 

H 

H 

H 

L 

H 

H 

L 

t 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 


L 

L 

L 

L 

L 

H 

H 

L 

t 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 


L 

L 

H 

L 

L 

H 

H 

L 

t 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 


L 

H 

L 

L 

L 

H 

H 

L 

T 

L 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 


L 

H 

H 

L 

L 

H 

H 

L 

T 

L 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 


H 

L 

L 

L 

L 

H 

H 

L 

T 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 


H 

L 

H 

L 

L 

H 

H 

L 

t 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 


H 

H 

L 

L 

L 

H 

' H 

L 

T 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 


H 

H 

H 

L 

L 

H 

H 

L 

t 

H 

H 

H 

^L 

H 

H 

H 

H 

H 

H 

H 

L 


X 

X 

X 

H 

L 

H 

L 

L 

t 

X 

X 

X 

H 

L 

L 

L 

L 

L 

L 

L 

L 


X 

X 

X 

L 

L 

H 

L 

L 

T 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

Output 

Disable 

X 

X 

X 

X 

X 

X 

X 

H 

X 

NC 

NC 

NC 

NC 

. Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 


NC = No Change X = Don't Care Z = High-Impedance t = Low-to-High Transition 


* 


Si 

G 2 

G 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Ambient Temperature 

Under Bias.-55®C to +125X 

Supply Voltage to Ground Potential 

Continuous.-0.5V to 4-7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0,5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or ViL 

lOH = -2.6mA, COM'L 

2.4 

3.2 


Volts 

IOH = -10mA, MIL 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N * V|H or V|L 

Iql = 24mA, COM'L 


0.4 

0.5 

Volts 

IOL = 12mA, MIL 


0.35 

0.4 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc “ max, V|n = 0.4V 



-0.4 

mA 

l|H 

Input HIGH Current 

Vcc *= max, V|n = 2.7V 



20 

(xA 

l| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 



0.1 

mA 

lo 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo * 0.4V 



-20 

ma 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc “ max 


37 

56 

mA 


Notes: 1. Typical limits are at Vcc“5-0V, 25°C ambient and maximum loading. , 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output shoujd be shorted at a time. Duration of t he short circuit test should not exceed one second. 

4. Test Conditions A = B = C = Gi=5E = UE = GND; CLK = ClR = POL = G 2 = 4.5V. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Am25LS2537 

One-of-Ten Decoder with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Three-state outputs • Does not respond to codes above nine 

• Separate output polarity control • A.C. parameters specified over operating temperature 

• Inverting and non-inverting enable inputs and power supply ranges 


GENERAL DESCRIPTION 


The Am25LS2537 is a demultiplexer/one-of-ten decoder 
that accepts four active high BCD inputs and selects one- 
of-ten mutually exclusive outputs. The device features 
three-state outputs as well as a buffered common polarity 
control such that the outputs are mutually exclusive active- 
low or mutually exclusive active-high. The logic design of 
the Am25LS2537 ensures that all outputs are unselected 
when the binary codes greater than nine are applied to the 
inputs. The inputs A, B, C, and D of the Am25LS2537 
correspond to the respective binary weight of 1, 2,4, and 8. 

The output enable (^) Input controls the three-state 
outputs. When the UE input is HIGH, the outputs are in the 
high-impedance state. When the 5E input is LOW, the 


outputs are enabled. The polarity (POL) input is used to 
drive the Y outputs to either the active-HIGH state or the 
active-LOW state. When the POL input is LOW, the outputs 
are active-HIGH. When the POL input is HIGH, the Y 
outputs are active-LOW. The device features one active- 
HIGH and one active-LOW enable Input which can be used 
for gating the decoder or can be used with incoming data 
for demultiplexing applications. 

The Am25LS2537 is packaged in a space saving (0.3-inch 
row spacing) 20-pln package. The device also features 
Am25LS family faster switching specifications, higher noise 
margin, and twice the fan-out over the military temperature 
range when compared with Am54LS/74LS devices. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2538 

1-of-8 Decoder 

Am25LS2539 

Dual 1-of-4 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1-of-8 Decoder 

Am2924 

3-to-8 Line Decoder/Demultiplexer 
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Am25LS2537 


CONNECTION DIAGRAM 
Top View 

D-20-1 L-20-1 




Note; Pin 1 Is marked for orientation 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2537 D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55°C to +125X) 

— Package 

D- 20-pln CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 

Device type 
1-of-10 Decoder 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2537 

FM 



LC. 

LM 


XC, 

XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

6 , 7, 16, 17 

Q 

O 

CD 

< 

1 

To select inputs to the decoder. 

15 

El 

1 

The active-LOW enable input. A HIGH on the ^ input inhibits the decoder function regardless of any other inputs. 

14 

E2 

1 

The active-HIGH enable input. A LOW on the E2 input forces all the decoder functions to the inactive state regardless 
of any other inputs. 

4 

POL 

1 

The polarity control for the output function. When the polarity control is HIGH, the outputs are active-LOW. When the 
POL input is LOW, the outputs are active-HIGH. 

5 

Ue 

0 

Output Enable. An active-LOW three-state control used to enable the outputs. A HIGH level input forces the output to 
the high-impedance (off) state. 


Yi 

0 

Decoder outputs. The ten outputs of the decoder. 

FUNCTION TABLE 







iNPUTS 








OUTPUTS 
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H = HIGH 


X = Don't Care 

















• L*=LOW 


Z = High-Impedance 
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Am25LS2537 


APPLICATIONS 


A B C D E 



One-of-Twenty Decoder with Active-High or Active-Low Output Polarity. 
Could be used for I/O Decoding in an Am9080A system. 



BCD to Decimal (One-of-Ten) Decoder. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = ViH or V|L 

MIL, loH=-10mA 

2.4 

3.4 


Volts 

COM'L, loH =-2.6mA 

2.4 

3.4 


VoL 

Output LOW Voltage 
(Note 5) 

Vcc “ min 

V|N = V|H or V|L 

Iql = 4.0 mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

Iql = 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



20 

pA 

l| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 



0.1 

mA 

•oz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0.4V 



-20 

IxA 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 


-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 



25 

40 

mA 


Notes: 1. Typical limits are at Vcc “ 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output shoul^e shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = C = D = El = GND; E2 = POL = 5E = 4.5V. 

5. VoL is specified with total device Iql = 60mA (max). 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.-65®C to +150®C 

(Ambient) Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc hnax 

DC Input Voltage. .-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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Am25LS2537 


SWITCHING CHARACTERISTICS (Ta = +25»C, Vcc = 5.0V) 

^- 

Parameters 

Description 


HBlSIllli 

iKsa 

Max 

HQSi 

tpLH 

A, B, C, D to Yj 


HBHHI 

22 

33 

ns 

tpHL 

hhhh 

17 

25 

tPLH 

ET to Yj 

HHHH 

19 

28 

mm 

tPHL 

HHHH 

21 

31 

tPLH 

E2 to Yj 

HHHH 

21 

31 

ns 

tPHL 

hhhhi 

23 

34 

tPLH 

POL to Yj 

HHBH 

18 

27 


tPHL 

jjllllllllllllll 

21 

31 

tZH 

SE Control to Yj 

HHHIi 

22 

33 

ns 

tZL 


14 

21 

tHZ 

OE Control to Yj 

Cl * S.OpF 

Rl « 2.0kr2 


19 

28 

ns 

tLZ 


23 

34 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 

Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

Units 

Am25LS2537 

Am25LS2537 

Min 

Max 

Min 

Max 

tPLH 

A, B, C, D to Yj 

Cl - 50pF 

Rl * 2 .0kn 


41 


48 

ns 

IPHL 


32 


39 

tPLH 

ET to Yj 


34 


40 

ns 

tPHL 


38 


45 

tpLH 

E2 to Yj 


38 


45 

■■ 

tPHL 


42 


49 

tPLH 

POL to Yj 


32 


37 

ns 

tPHL 


42 


52 

tZH 

OE Control to Yj 


44 


55 

ns 

tZL 


23 


25 

tHZ 

OE Control to Yj 

Cl - 5.0pF 

Rl = 2 .0kn 


33 


37 

ns 

tLZ 


38 


42 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25LS2538 

One-of-Eight Decoder 

with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 


• Three-state decoder outputs 

• Buffered common output polarity control 

• Inverting and non-inverting enable inputs 


A. C. parameters specified over operating temperature 
and power supply ranges 


GENERAL DESCRIPTION 


The Am25LS2538 is a three-line to eight-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. The decoder has three buffered 
select inputs-A, B, and C-that are decoded to one-of-eight 
Y outputs. Two active-HIGH and two active-LOW enables 
can be used for gating the decoder or can be used with 
incoming data for demultiplexing applications. 

A separate polarity (POL) input can be used to force the 
function active-HIGH or active-LOW a^the output. Two 
separate active-LOW output enables (OE) inputs are pro¬ 


vided. If either OE input is HIGH, the output Is In the high- 
impedance (off) state. When the POL input is LOW, the Y 
outputs are active-HIGH and when the POL input is HIGH, 
the Y outputs are active-LOW. 

The device is packaged in a space saving (0.3-inch row 
spacing) 20-pin package. It also features Am25LS family 
improved switching specifications, higher noise margin, and 
twice the fan-out over the military temperature range when 
compared with Am54LS/74LS devices. 


BLOCK DIAGRAM 


One-of-Eight Decoder 
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Am25LS2538 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2537 

1-of-10 Decoder 

Am25LS2539 

Dual 1-of-4 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

1-of-8 Decoder 

Am2924 

3-to-8 Line Decoder/Demultiplexer 
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CONNECTION DIAGRAM 
Top View 




CD001980 


, Note; Pin 1 is marked for orientation 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2538 


'— Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70X) 

M - Military (-55”C to +125X) 

Package 

D-20-pin CERDIP 

F-20-pin flatpak 

L-20-pin leadless chip carrier 

P-20-pin plastic DIP 

X-Dice 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2538 

FM 



LC, 

LM 


XC, 

XM 


Device type 
1-of-8 Decoder 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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m25LS2538 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

6 , 7, 17 

A, B, C 

I 

The three select inputs to the decoder/demultiplexer. 

16, 15 

ml 

rm 

N> 

I 

The active LOW enable inputs. A HIGH on either the Ei or E 2 input forces all decoded functions to be disabled. 

14, 13 

E3. E4 

I 

The active HIGH enable inputs. A LOW on either the E 3 or E 4 input forces all the decoded functions to be inhibited. 

12 

POL 

I 

Polarity Control. A LOW on the polarity control input forces the output to the active-HIGH state while a HIGH on the 
polarity control input forces the Y outputs to the active-LOW state. 

4, 5 

OEi. OE 2 

I 

Output Enable. When both the OE 1 and OE 2 inputs are LOW, the Y outputs are enabled. If either OE 1 or OE 2 input is 
HIGH, the Y outputs are in the high-impedance state. 


Vi 

0 

The eight outputs for the decoder/demultiplexer. 


FUNCTION TABLE 
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APPLICATIONS 



One-of-thirty-two decoder without additional decoding devices. 
Can be used for I/O decoding in an Am9080A system. 


POL A B C 0 



Two Am25LS2538s can be used to perform a one-of-sixteen-bit mask function or a one-of-sixteen-bit 
select function to perform bit manipulation in a microprocessor system. 


Examples: 


D C B A POL 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Function 

0011 0 0001000000000000 Bit Select 

1100 0 0000000000000000 Bit Select 

0 110 1 1111110 111111111 Bit Mask 

10 10 1 11111111110 11111 Bit Mask 


03664B 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature.....-65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125°C 

Supply Voltage to Ground Potential 

Continuous. .-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage... ..-0.5V to +7.0V 

DC Output Current, Into Outputs. .30mA 

DC Input Current.. .-30mA to + 5.0mA. 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature..0°C to +70®C 

Supply Voltage...+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature ..-55®C to +125®C 

Supply Voltage.+ 4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 


Description 


Output HIGH Voltage 


Output LOW Voltage 
(Note 5) 


Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 
Input LOW Current 
Input HIGH Current 
Input HIGH Current 

Off-State (High-Impedance) 
Output Current 

Output Short Circuit Current 
(Note 3) _ 

Power Supply Current 
(Note 4) 


vcc = min 

V|N = V|H or V|L 


Test Conditions (Note 2) 


_ |y||sj Iqh 1.0mA (MIL) 

V|N = V|H O'- V|L Iqh = -2.6mA (COM’L) 
lOL = 4.0 mA 
Vcc = min Iol = 8.0mA 

V|N = V|H or V,L . .^ - 

IOL= 12 mA 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW -_ 

voltage for all inputs. COM'L 

Vcc = min, l|N = - 18 mA _ 

Vcc = max, V|n = 0-4V __ 

Vcc = max, V|n = 2.7V 
Vcc = max, V[n = 7.0V 

Vo = 0.4V 

Vcc “ MAX _ 2 4 y 

Vcc = max 
V cc = max 



Volts 

0.4 


0.45 

Volts 

0.5 



Volts 

0.7 


0.8 

Volts 

-1.5 

Volts 

-0.36 

mA 

20 

fjA 

0.1 

mA 

-20 


20 

fiA 

-85 

mA 

34 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device i 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = C»D = Ei*E2 = GND: E 3 = E4 = POL = 5Ei = 5 E 2 = 4.5V. 

5. VoL is Specified with total device Iql = 60mA (max). 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL 
Am25LS2538 
Min Ma 


MILITARY 

Am25LS2538 


Parameters Description Test Conditions Min Max Min 


tpLH 36 

~ A, B, C to Yj ZZ - 

tpHL __ [ __29_ 

^PLH _ _ 34 

. El. ^2 to Yj 

tpHL _ ^ ^ ' __38_ 

tpLH Cl *= 50pF 38 

tPHL ~ __ RL = 2.0kJ2 ~ 43 

tPLH 29 

tpHL_ [ __^_ 

tZH __ _ 38 

tZL 23 

———- in V Cl *= 5.0pF-- 

tLZ OEi, OE 2 to Y, RL = 2.0ki2 33 


AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Cl * 50pF 
Rl = 2.0kJ2 


Cl = 5.0pF 
Rl = 2.0ki2 


Max 

Min 

Max 

36 

j 

42 

29 


37 

S'*. 


39 

38 


45 

38 

■ 

45 

43 


52 

29 


34 

39 

. ... I 

49 

38 


45 

23 


25 

29 


33 

33 


36 


Am25LS2538 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



Note: Actual current flow direction shown. 
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Am25LS2539 

Dual One-of-Four Decoder with Three-State Outputs and Polarity Control 


DISTINCTIVE CHARACTERISTICS 

• Two independent decoders/demultiplexers • A. C. parameters specified over operating temperature 

• Three-State outputs and power supply ranges 

• Buffered common polarity control 


GENERAL DESCRIPTION 


The Am25LS2539 is a dual two-line to four-line decoder/ 
demultiplexer fabricated using advanced Low-Power 
Schottky technology. Each decoder has two buffered select 
inputs - A and B which jire decoded to one-of-four Y 
outputs. An enable input (E) is used for gating or can be 
used as a data input for demultiplexing applications. When 
the enabie input goes HIGH, all four decoder functions are 
inhibited. 

An output enable (OE) Input Is used to control the three- 
state outputs of the device. When the 0E input Is LOW, the 
outputs are enabled. When the OE input Is HIGH, the 


outputs are in the high-impedance (off) state. The device 
also has separate buffered polarity (POL) inputs to force 
the outputs to either an active-HIGH state or an active- 
LOW state. When the POL input is LOW, the outputs are 
active-HIGH and when the POL input is HIGH, the outputs 
are active-LOW. The device is packaged in a space saving 
(0.3-inch row spacing) 20-pin package. The device features 
Am25LS family improved switching specification, higher 
noise margin, and twice the fan-out over the military 
temperature range when compared with Am54LS/74LS 
devices. 


BLOCK DIAGRAM 


IB 1A 


n 










28 2A 


It 












BD001400 


BD001410 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Blt Decoder 

Am25LS2537 

1-of-10 Decoder 

Am25LS2538 

1-of-8 Decoder 

Am25LS2548 

Chip Select Address Decoder 

Am2921 

■ 1 

1-of-8 Decoder 

Am2924 

3-to-8 Line Decoder/Demultiplexer 


03620B 
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CONNECTION DIAGRAM 
Top View 


D-20-1 


L-20-1 




CD001620 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 


2Y2 

2Yi 

2Y0 


13 6 7 


1J_ 


1POL 1A IB 


Yq IYt IYj IY 3 


2POL 2A 2B 


2Yo 2Y, 2Y2 2Y3 


LS000560 



DIE SIZE 0.081" xO.I 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2539 


B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

•—Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55®C to +125°C) 

-Package 
D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pln leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2539 

FM 



LC, 

LM 


XC, 

XM 


Device type 
Dual 1-of-4 Decoder 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25LS2539 


PIN DESCRIPTION 



Name 

I/O 

Description 



I 

Select the two select inputs to the decoder/demultiplexer. 

15, 16 

E Enable 

I 

The enable input to the decoder. A HIGH Input forces the decoding functions to be inhibited 
regardless of the A and B inputs. 

13, 4 

POL 

I 

Polarity Input. The polarity Input forces the outputs to either an actIve-HIGH state or an active-LOW 
state. A LOW on the polarity Input forces the output actIve-HIGH. A HIGH on the polarity input forces 
the outputs active-LOW. 

14, 5 

OE 

I 

Output Enable. A LOW on the OT Input enables the outputs. A HIGH on the OE inputs forces the 
outputs to the high high-impedance (off) state. 


Yo, Yi, 

Y2. Y3 

0 

The four decoder/demultiplexer outputs. 


FUNCTION TABLE 


Function 

inputs 

Outputs 

OE 

E 

POL 

B 

A 

Yo 

Yl 

Y2 

Y3 

HIgh-Impedance 

H 

X 

X 

X 

X 

Z 

Z 

Z 

Z 


L 

H 

L 

X 

X 

L 

L 

L 

L 

Disable 

L 

H 

H 

X 

X 

H 

H 

H 

H 


L 

L 

L 

L 

L 

H 

L 

L 

L 

Active-High 

L 

L 

L 

L 

H 

L 

H 

L 

L 

Output 

L 

L 

L 

H 

L 

L 

L 

H 

L 


L 

L 

L 

H 

H 

L 

L 

L 

H 


L 

L 

H 

L 

L 

L 

H 

H 

H 

Active-Low 

L 

L 

H 

L 

H 

H 

L 

H 

H 

Output 

L 

L 

H 

H 

L 

H 

H 

L 

H 


L 

L 

H 

H 

H 

H 

H 

H 

L 


H = HIGH X = Don't Care 

L = LOW Z - High-Impedance 
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Am25LS2539 


ABSOLUTE MAXIMUM RATINGS 

storage Temperature. .-65®C to +150®C 

Ambient Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage.....-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature...-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

MIL, IOH=-10mA 

2.4 

3.4 


Volts 

COM’L, loH =-2.6mA 

2.4 

3.4 


Vql 

Output LOW Voltage 
(Note 5) 

Vcc = min 

VlN = V|H or V|L 

Iql ==4.0 mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

Iql = 12mA 



0.5 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 

Volts 

COM’L 



0.8 

V| 

Input Clamp Voltage 

Vcc “ min, l|N--18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max, V(n = 0.4V 



-0.36 

mA 

IlH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



20 

mA 

l| 

Input HIGH Current 

Vcc = max, V|n = 7.0V 



0.1 

mA 

loz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo = 0.4V 



-20 

pA 

Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc “ max 


22 

37 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A = B = E = GND: POL = OE = 4.5V. 

5. Vql is specified with total device Iql = 60mA (max). 


type. 
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Am25LS2548 


Am25LS2548 

Chip Select Address Decoder with Acknowledge 


DISTINCTIVE CHARACTERISTICS 


• One-of-Eight Decoder provides eight chip select outputs 

• Acknowledge output responds to enables and read or 
write command 


Open-collector Acknowledge output for wired-OR appli¬ 
cation 

Inverting and non-inverting enable Inputs for upper 
address decoding 


GENERAL DESCRIPTION 


The Am25LS2548 Address Decoder combines a three-line 
to eight-line decoder with four qualifying enable inputs (two 
active HIGH and two active LOW) and the acknowledge 
output required for "ready” or "wait state" control of all 
popular MOS microprocessors. 

The acknowledge output, ACK, is active LOW and re¬ 
sponds to the combination of all enables active and a read 
(RD) or write (WR) Input command. 


The eight chip select outputs are individually active LOW In 
response to the combination of all enables active and the 
corresponding 3-bit input code at Inputs A, B, and C. 

The Am25LS2548 is intended for chip select decoding in 
small, medium or large systems where multiple chip selects 
must be generated and address space must be allocated 
conservatively. 


BLOCK DIAGRAM 



yyyyyyyy 


RELATED PRODUCTS 


Part No. 

Description 

Am25LS2536 

8-Bit Decoder 

Am25LS2537 

1-of-10 Decoder 

Am25LS2538 

1-of-8 Decoder 

Am25LS2539 

Dual 1-of-4 Decoder 

Am2921 

1-of-8 Decoder 

Am2924 

3-to-8 Line Decoder/Demultiplexer 
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CONNECTION DIAGRAM 
Top View 




LOGIC SYMBOL 


Note; Pin 1 is marked for orientation 

METALLIZATION AND PAD LAYOUT 

Y2 1-1 I-20 Vcc 




DIE SIZE 0.081" X 0.096" 

ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2548 


•—-Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C -Commercial (OX to -i-70°C) 

M - Military (-55X to -I-125X) 

- Package 
D-20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 


Device type 
Address Decoder 


Valid Combinations 


PC 



DC, 

DM 

Am25LS2548 

FM 



LC, 

LM 


XC, 

XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


9-145 


03621B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am25LS2548 





Am25LS2548 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

6 , 7, 17 

A, B, C 

I 

Three-line to eight-line chip select decoder inputs. 

16, 15 

El. E2 

I 

The active LOW enable inputs. A HIGH on either the Ei or Ea input forces all decoded functions to be disabled, and 
forces ACK HIGH. 

14, 13 

E3. E4 

I 

The active HIGH enable inputs. A LOW on either the E 3 or E 4 input forces all the decoded functions to be inhibited, 
and forces ACK HIGH. 

4, 5 

WR, ^ 

I 

The write input, WR, and read input, RD, are active LOW inputs used as conditions for an active LOW output at the 
acknowledge, ACK, output. 

3 


0 

The acknowledge output, ACK, is an active LOW output used to signal the microprocessor that specific devices have 
been selected. ACK goes LOW only when Ei and E 2 are LOW, E 3 and E 4 are HIGH and WR or RD is LOW. 


Yi 

0 

The eight active LOW chip select outputs. 


FUNCTION TABLES 

CHIP SELECT OUTPUTS Yj 





El 

E2 










—:— 

C 

B 

A 

E 3 

E 4 

Yo 

Yi 

Y2 

Y 3 

Y 4 

Ys 

Ye 


L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

‘ H 

H 

H 

D 

D 

L 

L 

H 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

D 

D 

L 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

D 

El 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

m 

El 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

H 

a 

D 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

D 

D 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

n 

El 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

a 

B 

X 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

El 

B 

X 

X 

X 

X 

H 

X 

X 

H 

H 

H 

H 

H 

H 

a 

B 

X 

X 

X 

X 

X 

L 

X 

H 

H 

H 

H 

H 

H 

D 

B 

X 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

H 

H 

D 

B 


ACKNOWLEDGE OUTPUT ACK 


ti 

E 2 

E 3 

E 4 

RD 

WR 


H 

X 

X 

X 

X 

X 

H 

X 

H 

X 

X 

X 

X 

H 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

L 

X 

X 

H 

L 

L 

H 

H 

L 

X 

L 

L 

L 

H 

H 

X 

L 

L 
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Am25LS2S48 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature .- 65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to + 7.0V 

DC Voltage Applied to Outputs For 

High Output State...-0.5V to +Vcc niax 

DC Input Voltage. .-0.5V to +7.0V 

DC Output Current, Into Outputs..30mA 

DC Input Current...-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2 ) 

Min 




VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or V|L 

lOH ®-440pA 

2.4 

3.4 


Volts 

VoL 

Output LOW Voltage 

Vcc * min 

V|N * V|H or V|L 

lOL “ 4.0mA 



0.4 

Volts 

Iql ® 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = max. V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



20 

mA 

l| 

Input HIGH Current 

Vcc = max, ViN * 7.0V 



0.1 

mA 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc “MAX 

-15 


-85 

mA 

•cc 

Power Supply Current 
(Note 4) 

Vcc = max 


15 

20 

mA 


Notes: 1. Typical limits are at Vcc^S.OV, 25“C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output shpuidjje shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test conditions: A « B = C « Ei = E 2 = GND: RD = WR = E 3 = E 4 = 4.5V. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature ..0®C to +70®C 

Supply Voltage. ..+4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125°C 

Supply Voltage..+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


I Parameters | Description | Test Conditions | Min | Typ | Max 



SWITCHING CHARACTERISTICS over operating range unless otherwise specified 



Parameters 


Description 


Test Conditions 
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Am25S557/Am25S558 


Am25S557/Am25S558 

Eight-Bit by Eight-Bit Combinatorial Multiplier 


DISTINCTIVE CHARACTERISTICS 


• Multiplies two 8 -bit numbers - 16-bit output 

• Combinatorial - no clocks required 

• Full 8 x 8 multiply in 45ns typ. 

• Cascades to 16x16 in 110 ns typ. 

• Expandabl e to multiples of 8 bits 

• MSB and MSB outputs for easy expansion 


• Unsigned, two’s complement or mixed operands 

• Implements common rounding algorithms with addition¬ 
al logic 

• Three-state outputs 

• Transparent 16-bit latch in Am25S557 

• Industry standard pin-outs 


GENERAL DESCRIPTION 


The Am25S557 and Am25S558 are high-speed, combina¬ 
torial, 8 x 8 -bit multipliers. Both use an array of full adders 
to form and add partial products in a single undocked 
operation, resulting in a 16-bit parallel output product. 

Mode control inputs Xm and Ym allow the multiplier to 
accept either unsigned or two's complement numbers from 
either respective input to provide an unsigned or signed 
output. The mode control lines are held LOW for unsigned 
input words and HIGH for two's complement. 

The Am25S557 and Am25S568 are easily expandable to 
longer work lengths. Both S 15 and S 15 are available to 
allow expansion in either signed or unsigned modes without 
external inverters. In the 16-blt by 16-blt configuration (32- 
bit output) the typical multiply time is 110 ns. 


Both configurations offer three-state output flexibility and 
the Am25S557 adds a 16-bit transparent latch between the 
multiplier array and the three-state output buffers (including 
Si5)- 

Rounding provisions for 8 -bit truncated output configura¬ 
tions are particularly optimized for maximum flexibility. The 
Am25S557 internally develops proper rounding for either 
signed or unsigned numbers by combining rounding input R 
with Xm, Ym, Xm and Ym as follows: 

Ru = Xm • Ym • R = Unsigned Rounding input to 2 ^ ad¬ 
der. 

Rs = (Xm + Ym) R = Signed Rounding input to 2® adder. 

Since the Am25S558 does not require the use of pin 9 for 
the latch enable input, (G), Rs and Ry are brought out 
separately. 


BLOCK DIAGRAM 


S-aiT X INPUT 


Xo 



So-S,5 S,5 


PRODUCT 

BD001780 

*Pin 11 is G for Am25S557 and Ry for Am25S558. 
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CONNECTION DIAGRAM 
Top View 


D-40-1 


L-44-1 


X 4 

Xs 

Xe 

X7 ClJ 
(n)ns 
''cc 

(G)Ru d 
Vo 

v,CI 

VaC 

VatZ 

V 4 CZ 

Vs 

Vs 

VmIZI 


38 ZlS 
37 Z3S 
36 ZlS 


r.g 




32 ps 
31 ps, 



CD003030 


^ ^ ^ i 

CD003040 


Pin assignments shown are for Am25S558. G and R shown in 
parentheses are pin assignments for Am25S557. 


METALLIZATION AND PAD LAYOUT 


Am25S557 


Am25S558 




DIE SIZE 0.171" X 0.165" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25S557 

Am25S558 


C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

-Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-SS^’C to +125^) 

'— Package 

D-40-pin CERDIP 

L-44-pin leadless chip carrier 

X- Dice 


Valid Combinations 

Am25S557 

DC, DM 

LC, LM 

Am25S558 

DC, DM 

LC, LM 


Device type 
8 -Bit by 8-Bit Multiplier 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am25S557/Ain25S558 


PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


B9BE3[i 

I 

Multiplicand 8 -bit data inputs. 



I 

Multiplier 8 -bit data inputs. 



I 

Mode control inputs for each data word; LOW for unsigned data and HIGH for two's complement data. 



0 

Product 16-bit output. 

23 

§15 


Inverted MSB for expansion. 

9, 11 

Rs. Ru 

I 

Rounding inputs for signed and unsigned data, respectively (Am25S558 only). 

11 

G 


Transparent Latch Enable (Am25S557 only). 

21 

5e 

0 

Three-state enable for S 0 -S 15 outputs. 

9 

R 

I 

Rounding input for signed or unsigned data (combined internally with Xm, Ym in Am25S557 only). 


Am25S558 




Normally Used With 



B 



Ym 

L 

L 

123 

IQQI 

X 

X 

L 

H 

123 



H 

L 



L 

L 

H 

H 


131 

* 

* 


* Most rounding applications require a HIGH level for Ry 
or Rs, but not both. 


I/O MAPPED INTERFACE 
WITH MOS MICROPROCESSOR 



AF001270 


MODE CONTROL INPUTS 


Operating 

Mode 

Input Data 

Mode 

Control Inputs 

X 0 -X 7 

Y 0 -Y 7 

Xm 

Ym 

UNSIGNED 

UNSIGNED 

UNSIGNED 

L 

L 

MIXED 

UNSIGNED 

2's COMP 

L 

H 

2's COMP 

UNSIGNED 

H 

L 

SIGNED 

2's COMP 

2’s COMP 

H 

H 


ROUNDING INPUTS 
Am25S557 


Inputs 

Adds 

Xm 

Ym 

R 

2 ^ 

2 « 

L 

L 

H 

YES 

NO 

L 

H 

H 

NO 

YES 

H 

L 

H 

NO 

YES 

H 

H 

H 

NO 

YES 

X 

X 

L 

NO 

NO 
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Am25S557/Am25S558 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature....-65®C to +150®C 

Ambient Temperature Under Bias.........-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous ..........-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State...-0.5V to +Vcc nnax 

DC Input Voltage......-0.5V to +5.5V 

DC Output Current, Into Outputs. .30mA 

DC Input Current. .-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these Ijmlts is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = MIN 

V|N = ViH or 

ViL 

V|L = 0.8V 

V|H = 2.0V 

Iqh ~ -2.0mA 

2.4 

3.0 


Volts 

VoL 

Output LOW Voltage 

Vcc = min 

VlN = ViH or 

V|L 

V|L = 0.8V 

ViH = 2.0V 

Iql = 8.0mA 


0.3 

0.5 

Volts 

VlH 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 

MIL 



0.8 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

l|L 

Input LOW Current 

Vcc = MAX, V|N = 0.5V 



-1.0 

mA 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2.4V 



100 

pA 

l| 

Input HIGH Current 

Vcc = MAX, V|N = 5.5V 



1 

mA 

lo 

Off State (High Impedance) 

Output Current 

Vcc = max 

Vq = 0.5 V 



-100 

pA 

Vo = 2.4V 



+ 100 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max. 

-20 


-90 

mA 

Icc 

Power Supply Current (Note 4) 

Vcc = MAX 



280 

mA 


Notes: 1. Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Test with pin 21 at 4.5V, all other input pins at GND, all outputs open Am25S557 conditions the same except initialize with G (pin 11) 
at 4.5V, then GND. 


Commercial (C) Devices 

Temperature... .0®C to +70°C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage. .....+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TEST CIRCUIT 


SWITCHING TEST WAVEFORMS 


Test Vx Output Waveform - Measurement Level 


FROM OUTPUT 
UNDER TEST 



AlltpoS 5.0V 


tpHZ O.OV 


tpLz 5.0V 


tpzH O.OV 


tpZL 5.0V 


- Vql I 
WF002350 


Cl Includes probe and jig capacitance. 

SET-UP AND HOLD TIMES 


PULSE WIDTH 


LOW HIGH LOW 
PULSE 


HIGH LOW HIGH 
PULSE 



K 1 


7^ 

1 n 

k 


-tpw-^^ 


\ 

[., 


I 




- 1.5V 

WF001270 


Notes:1. Diagram shown for HIGH data only. Output 
transition may be opposite sense. 

2. Cross hatched area is don’t care condition. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


COMMERCIAL 

Am25S557 


MILITARY 

Am25S557 

Min I Typ I Max Units 



*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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Am25S557/Am25S558 



Description 

Test Conditions 



Units 









tpD 

Xi, to So to S 7 

Cl = 30pF 

Rl = 580J2 
(See test figures) 


||[|||^^||||||| 



lll^l 


ns 

tPD 

Xi, Yi to So to Si 5 or 5 i 5 


55 



II^H 

■a 

ns 

tpHZ 

UE to So to Si 5 


mm 



mm 

mm 

mm\ 


5e to S -|5 



40 


mm 

lllllll^llll 

ns 

tPLZ 

GE to Si 


15 



15 

■ai 

ns 

tpZH 

5e to Si 



1^1 


20 

40 

ns 

tpZL 

GE to Si 



KSi 



40 

ns 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


I _L__1 I _I 

'AC performance over the operatffig temperature range is guaranteed by testing defined in Group A, Subgroup 


Am25S557/Am25S558 

INPUT/OUTPUT CURRENT INTERFACE CONDITIONS 



IC000380 


RELATED PRODUCTS 


Part No. 

Description 

Am29516/7 

16 by 16-Bit Multiplier 

Am25S05 

4 by 2-Bit Multiplier 

Am25LS14A 

8 -Bit Seriai/Parailel Multiplier 
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Am25LS2568/Am25LS2569 

Four-Bit Up/Down Counters with Three-State Outputs 


DISTINCTIVE CHARACTERISTICS 


4-bit synchronous counter, synchronously programma¬ 
ble 

Both synchronous and asynchronous clear inputs 
Three-state counter outputs interface directly with bus 
organized systems 

Internal look-ahead carry logic and two count enable 
lines for high speed cascaded operation 


• Ripple carry output for cascading 

• Clock carry output for convenient modulo configuration 

• Fully buffered outputs 

• Second sourced as the 54LS/74LS568 and LS569 

• Advanced Low-Power Schottky technology 


GENERAL DESCRIPTION 


The Am25LS2568 and Am25LS2569 are programmable 
up/down BCD and Binary counters respectively with three- 
state outputs for bus organized systems. All fu nctions 
except output enable (^5E) and asynchronous clear (ACLR) 
occur on the positive edge of the clock input (CP). 

With the LOAD input LOW, the outputs will be programmed 
by the parallel data inputs (A, B, C, D) on t he n ext c lock 
edge. Counting is enabled only when CEP and CET are 
LOW and LOAD is HIGH. The up-down input (U/D) controls 
the direction of count, HIGH counts up and LOW counts 
down. Internal look- ahead carry logic and an active LOW 
ripple carry output (RCO) allows for high-speed counting 


and cascading. During up-count, the RCC is LOW at binary 
9 for the LS2568 (binary 15 for the LS2569) and upon 
down-count, it is LOW at bina ry 0. Normal cascaded 
operations require only the RCO to be connected to the 
succeeding block at CET. When counting, the clocked carry 
output (CCO) provides a HIGH-LOW-HIGH pulse for a 
durati on equ al to the LOW time of the clock pulse and only 
when RCO is LOW. Two a ctive L OW reset lines are 
available, synchrono us cle ar (SCLR) and a master reset 
asynchronous clear (ACLR). The output control (OE) input 
forces the counter output into the high-impedance state 
when HIGH and when LOW, the counter outputs are 
enabled. 


BLOCK DIAGRAM 

Am25LS2568 (BCD) Am25LS2569 (BINARY) 
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Am25LS2568/Am25LS2569 


CONNECTION DIAGRAM 
Top View 


D-20-1 


L-20-1 




CD001640 

Note: Pin 1 is marked for orientation 


CD001650 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 

Am25LS2568 




3 

_L 

4 

J_ 

5 

_L 

6 

1 





A 

B 

c 

O 



1 - 

U/D 




ACLR 

o— 

8 

7 -0 

CEP 




SCLR 

0— 

9 

12 -O 

GET 




OE 

0— 

17 

11-0 

LOAD 




RCO 

0— 

19 

2 - 

CP 

''a 

Yb 

Yc 

V CCO 

Yd 

— 

18 



T 

16 

T" 

15 

T 

14 

1 

13 





DIE SIZE 0.087" x 0.103" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am25LS2568/69 


B 

I—Screening Option 

Blank - Standard processing 
B - Burn-In 

-Temperature (See Operating Range) 
C -Commercial (OX to +70°C) 

M - Military (-55X to +125X) 

- Package 
D- 20-pin CERDIP 
F-20-pin flatpak 
L-20-pin leadless chip carrier 
P-20-pin plastic DIP 
X- Dice 


Valid Combinations 

Am25LS2568/ 

Am25LS2569 

DC, DCB, DM, 
DMB 

FM, FMB 

LC, LM, LMB 

PC, PCB 

XC, XM 


Device type 

BCD and Binary Counters 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available In the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

3, 4, 5, 6 

Q 

d 

CD 

< 

1 

The four programmable data inputs. 

7 


1 

Count Enable Parallel. Can be used to enable and inhibit counting in high speed cascaded operation. CEP must be 
LOW to count. 

12 

CET 

1 

Count Enable Trickle. Enables the ripple carry output for cascaded operation. Must be LOW to count. 

2 

CP 

1 

Clock Pulse. All synchronous functions occur on the LOW-to-HIGH transition of the clock. 

11 

LO^ 

1 

Enables parallel load of counter outputs from data inputs on the next clock edge. Must be HIGH to count. 

1 

U/D 

1 

Up/Down Count Control. HIGH counts up and LOW counts down. 

8 

ACLR 

1 

Asynchronous Clear. Master reset of counters to zero when ACLR is LOW, independent of the clock. 

9 


1 

Synchronous clear of counters to zero on the next clock edge when SCLR is LOW. 

17 

OE 

1 

A HIGH on the output control sets the four counter outputs in the high-impedance, and a LOW enables the output. 

16, 15 

14, 13 

Ya. Yb. 

Yc, Yd 

0 

The four counter outputs. 

19 

R^ 

0 

Ripple Carry Output. Output will be LOW on the maximum count on up-count. Upon down-count, RCO is LOW at 0000. 

18 

CCO 

0 

Clock Carry Output. While counting and RCO is LOW, CCO will follow the clock HIGH-LOW-HIGH transition. 


Am25LS2568/2569 
FUNCTION TABLE 



INPUTS 

OUTPUTS 






ASYNC 

SYNC 












CLOCK 

MODE 

LOAD 

CEP 

CET 

U/D 

CLEAR 

CLEAR 

OE(1) 

Do 

D1 

D 2 

D 3 

CP 

Qo 

Qi 

Q2 

Q 3 

RC 

CARRY 

Clear 

X 

X 

X 

1 

0 

X 

0 

X 

X 

X 

X 

X 

0 

0 

0 

0 

1 

1 

(ASYNC) 

X 

X 

X 

0 

0 

X 

0 

X 

X 

X 

X 

X 

0 

0 

0 

0 

0 

U~{ 2 ) 

Clear 

X 

X 

X 

1 

1 

0 

0 

X 

X 

X 

X 

t 

0 

0 

0 

0 

1 

1 

(SYNC) 

X 

X 

X 

0 

1 

0 

0 

X 

X 

X 

X 

T 

0 

0 

0 

0 

0 

“LX (2) 


0 

X 

1 

X 

1 

1 

0 

X 

X 

X 

X 

1 


Qn = 

Dn 


1 

1 

Load 

0 

X 

Q 

0 

1 

1 

0 

0 

0 

0 

0 

T 

0 

0 

0 

0 

0 

"Lr(2) 


0 

X 

0 

1 

1 

1 

0 

1 

1 

1 

1(3) 

T 

1 

1 

1 

1(3) 

0 

i_r(2) 

Count Up 

1 

0 

0 

1 

1 

1 

0 

X 

X 

X 

X 

T 

1 Qn + 1 I 

(4) 

(5) 

Count Down 

1 

0 

0 

0 

1 

1 

0 

X 

X 

X 

X 

T 


Qn- 

-1 


(6) 

(5) 


1 

0 

1 

X 

1 

1 

0 

X 

X 

X 

X 

T 


N.C. 


N.C. 

1 

Inhibit 

1 

1 

0 

X 

1 

1 

0 

X 

X 

X 

X 

t 


N.C. 


N.C. 

1 


1 

1 

1 

X 

1 

1 

0 

X 

X 

X 

X 

T 


N.C. 


N.C. 

1 

Output 

Disable 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 

X 

X 

z 

z 

z 

z 

N.C. 

N.C. 


T = CLOCK LOW-to-HIGH transition Qn + i = Next higher count in binary sequence 

X = Don't Care Qn-1 = Next lower count in binary sequence 

Dn = Do thru D3 input level prior to clock transition N.C. = No change 


Notes: 1. Register performs all correct logic for any state of but OE = 0 to view outputs. 

2. Follows CLOCK if CET = CEP = 0, otherwise remains HIGH. 

3. 1001 for LS68. 

4. LOW for one full CLOCK cycle when maximum count is reached, othen^/ise remains HIGH. 

5. Follows CLOCK when RC = 0. 

6. LOW for one full CLOCK cycle when minimum count is reached, othenvise remains HIGH. 
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Am25LS2568/Am25LS2569 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature...--65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous ...-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State..-0.5V to +Vgc nnax 

DC Input Voltage..-0.5V to +7.0V 

DC Output Current, Into Outputs......30mA 

DC Input Current...-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these iimits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. .0®C to + 70®C 

Supply Voltage.......+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature .....,-55®C to +125®C 

Supply Voltage...+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VoH 

Output HIGH Voltage 

Vcc = min 
V|N“V|h 
or ViL 

Yi 

MIL, loH“-10mA 

2.4 

3.4 



COM'L, loH = -2.6mA 

2.4 

3.2 


RCO, 

cco 

•oh = -440pA 

MIL 

2.5 

3.4 


COM’L 

2.7 

3.4 


VoL 

Output LOW Voltage 

Vcc = min 

V|N * V|H or V|L 

Iql = 4,0mA 



0.4 


Iql “ 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 





Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs. 

MIL 



0.7 


COM'L 



0.8 

Vl 

Input Clamp Voltage 

Vcc “ min, liN = -18mA 



-1.5 


l|L 

Input LOW Current 

Vcc “ max, 

V|N = 0.4V 

aClr, 5e, u/d, l5ad 



-0.3 


A, B, C, D, CP, 



-0.4 

CeT, SCLR 



-0.65 

l|H 

Input HIGH Current 

Vcc = max, V|n = 2 .7V 



20 

AiA 

l| 

Input HIGH Current 

Vcc “ max, V|n = 7 .0V 



0.1 

mA 

loz 

Off-State (High-Impedance) 
Output Current 

Vcc = max 

Vo » 0.4V 

imifu 



IIIIIDl 

Vo = 2.4V 



o 

<M 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc “MAX 

-15 


-85 

IBEII 

Icc 

Power Supply Current 
(Note 4) 

Vcc “ max 


28 

43 

mi 


: 1. Typical limits are at Vcc = 5.0V, 25‘’C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Ranges for the applicable device 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. DE = HIGH, all other inputs = GND, all outputs open. 


type. 
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SWITCHING CHARACTERISTICS (Ta = +25X. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tPLH 

Clock to Any Q; Load = LOW 

Cl= 15pF 

Rl = 2 .0kJ2 


12 

18 

ns 

tPHL 


14 

21 

tPLH 

Clock to Any Q; Load = HIGH 


12 

18 

ns 

tPHL 


14 

21 

tPLH 

CeT to 


11 

16 

ns 

tpHL 


6 

10 

tPLH 

U/D to RCO 


15 

23 

ns 

tPHL 


13 

20 

tPLH 

Clock to RCd 


24 

35 

ns 

tPHL 


18 

26 

tPLH 

Clock to CCO 


10 

15 

ns 

tPHL 


10 

15 

tPLH 

CfT or to CCO 


10 

15 

ns 

tPHL 


17 

25 

tpLH 

ACLR to Any Q 


N.A. 

N.A. 

ns 

tPHL 


17 

26 

ts 

Set-up 

Q 

O 

CD 

< 

22 



ns 

5Ulr 

20 



Load 

30 



U/D 

30 



CeT, ^ 

25 



fs 

6 CLR Recovery (inactive) to Clock 

30 



ns 

th 

Data Hold 

0 



ns 

^max 

Maximum Clock Frequency (Note 1) 

25 

40 


MHz 

tpw 

Clock Pulse Width 

25 



ns 

tPZH 

UE to Any Q; Enable 



11 

ns 

tPZL 



19 

tPHZ 

OE to Any Q; Disable 

Cl = S.OpF 

Rl = 2.0ka 



18 

ns 

tPLZ 



24 


Note 1. Per industry convention, f^ax is the worst case value of the maximum device operating frequency with no constraints on V, tf, pulse width 
or duty cycle. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 



Description 


COMMERCIAL 

MILITARY 

Units 


Am25LS 



Min 

Max 

tpLH 

Clock to Any Q; Load = LOW 

Cl - 50pF 

Rl = 2.0KJ2 


22 


24 

ns 

tpHL 


29 


35 

tpLH 

Clock to Any Q; Load = HIGH 


22 


24 

Hi 

tpHL 


29 


35 

tpLH 

CCT to RCO 


18 


19 

ns 

tpHL 


17 


21 

tpLH 

U/D to Pi^ 


26 


28 

imu 

tPHL 


26 


30 

tpLH 

Clock to RCO 


39 


40 

Bi 

tPHL 


34 


39 

tPLH 

Clock to CCO 


17 


18 

ns 

tpHL 


22 


27 

tPLH 

CeT or to CCO 


16 


17 

ns 

tPHL 


36 


45 

tpLH 

ACLR to Any Q 


N.A. 



ns 

tpHL 


37 


45 

ts 

Set-up 

o 

O 

CD 

< 

29 


35 


ns 

SClr 

25 


30 


Load 

38 


45 


U/D 

38 


45 


CeT, Cep 

33 


40 


ts 

SCLR Recovery (inactive) to Clock 

39 


50 


ns 

th 

Data Hold 

0 


5 


ns 

tmax 

Maximum Clock Frequency (Note 1) 

20 


18 


MHz 

^pw 

Clock Pulse Width 

31 


37 


ns 

tZH 

OE to Any Q; Enable 


16 


20 

ns 

tZL 


26 


34 

tHZ 

OE to Any Q; Disable 

Cl = 5.0pF 

Rl = 2.0K^2 


20 


22 

ns 

tLZ 


30 


36 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
N.A. not applicable. 


Am25LS2568/2569 

LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000270 

Note: Actual current flow direction shown. 
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HIGH PERFORMANCE SCHOTTKY BUS INTERFACE 
DATA COMMUNICATIOr^S INTERFACE 


Am26S 

Am26LS 


lECTION 


Am2900 
PROCESSORS 
AND PERIPHERALS 


Am29100 


Am29800 
HIGH PERFORI 
BUS INTERFAC 


MdS MICROPROCESSOR SUPPOITr PRODUCTS 
for 8-BIT and 16-bit MICROPROCESSORS 


PROMs, BIPOLAR RAMs, MOS STATIC RAMs 
20-PIN AND 24-PIN PALs, 

MOS LSI PERIPHERALS 

VERY HIGH SreED DATA ACQUISITION 


PACKAGING, ORDERING INFORMATION 
TESTING, QUALITY ASSURANCE/GUARANTEES 
GATE COUNTS, DIE SIZES, RELIABILITY 
INFORMATION ON MILITARY DEVICES 


































Am26S and Am26LS 
Interface Family Index 

Am26S02 Schottky Dual Retriggerable, Resettable 

Monostable Multivibrator.10-1 

Am26S10/Am26S11 Quad Bus Transceivers. 10-7 

Am26S12/Am26S12A Quad Bus Transceivers. 10-15 

Am26LS27/Am26LS28 Dual EIA RS-485 Party Line Transceivers..10-19 

Am26LS29 Quad Three-State Single Ended RS-423 Line Driver.10-20 

Am26LS30 Dual Differential RS-422 Party Line/Quad 

Single Ended PS-423 Line Driver.10-26 

Am26LS31 Quad High Speed Differential Line Driver.10-33 

Am26LS32/Am26LS33 Quad Differential Line Receivers...... 10-39 

Am26LS32B Quad Differential Line Receiver.. 10-42 

Am26LS34 Quad Differential Line Receiver. 10-46 

Am26LS38 Quad Differential Backplane Transceiver. 10-50 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by. specific tests, correlated 
testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMD sales representative. 

The company assunies no responsibility for the use of any circuits described herein. 














Am26S02 

Schottky Dual Retriggerable, Resettable Monostable Multivibrator 


DISTINCTIVE CHARACTERISTICS 


• Advanced Schottky technology with PNP inputs 

• Retriggerable 0% to 100% duty cycle 

• 28ns to oo output pulse width range 

• 100kJ2 maximum timing resistor value 


• Am26S02XM typical pulse width change of only 1.0% 
over -55®C to + 125°G with Rx = lOOkfZ 

• Am26S02XC typical pulse width change of only 0.4% 
over 0®C to + 70®C with Rx = 100K^2 


GENERAL DESCRIPTION 


The Am26S02 is a dual DC level sensitive, retriggerable, 
resettable monostable multivibrator built using advanced 
Schottky technology. The output pulse duration and accu¬ 
racy depend on the external timing components of each 
multivibrator. The Am26S02 features PNP inputs to reduce 
the input loading. 

Provision is made on each multivibrator circuit for triggering 
the PNP inputs on either the rising or falling edge of an 
input signal by including an inverting and non-inverting 
trigger input. These PNP inputs are DC coupled making 
triggering independent of the input rise or fall time. Each 
time the monostable trigger Input Is activated from the OR 


trigger gate, full pulse length triggering occurs independent 
of the present state of the monostable. 

The direct clear PNP input allows a timing cycle to be 
terminated at any time during the cycle. A LOW on the clear 
input forces the Q output LOW regardless of the Iq or 
inputs. 

The Am26S02XM has a typical pulse width change of only 
1.0% over the full military -55°C to + 125®C temperature 
range and the Am26S02XC has a typical pulse width 
change of only 0.4% over the commerical 0°C to + 70®C 
temperature range with a Rx = 100k^2. 


SCHEMATIC DIAGRAM 
(One Monostable Multivibrator Shown) 



04597A 
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CONNECTION DIAGRAM 
Top View 


Vcc % *1 *0 Q ^ 

n n n n n n 


15 14 13 12 11 10 

Art)26S02 

^ 2 3 4 6 6 7 


_ irgrruTTU _ 

^X ^X^^X ^0 *1 *0 ® ® GND 

CD003050 


Note; Pin 1 is marked for orientation 


LOGIC SYMBOL 


METALLIZATION AND PAD LAYOUT 





Q 

6 

Q 


Q 

Co 


Am26S02 

MM2 

a 

Co 





VcG Pio 16 



GND = Pin 8 





LS000830 



GND 

DIE SIZE 0.062" X 0.071" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26S02 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am26S02 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0°C to +70X) 
M - Military (-SS^’C to +125°C) 


'— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P- 16-pin plastic DIP 
X-Dice 


Device type 

Schottky Dual Multivibrator 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Pin No. Name i/0 Description 

13 Cq I Asynchronous direct CLEAR. A LOW on the clear input resets the monostable regardless of the other inputs. 

11 To I Active-LOW input. With li LOW, a HIGH-to-LOW transition will trigger the monostable. 

12 li I Active-HIGH input. With Iq HIGH, a LOW-to-HIGH transition will trigger the monostable. 

10 [q O The TRUE monostable output. 

* “ The Complement monostable output._ 



FUNCTION TABLE 


OSCd 

INPUTS 

ll 

ll 

1 OUTPUTS 

io Q 

L 

X 

X 

L 

H 

H 

H 

X 

L 

H 

H 

L 

1 

_rL 

“LT 

H 

X 

L 

L 

H 

H 

T 

H 

-TL 

"LT 


= HIGH 
= LOW 

= LOW-tO"HIGH Transition 
= HIGH-to-LOW Transition 
= LOW-HIGH-LOW Pulse 
= HIGH-LOW-HIGH Pulse 
= Don't Care 


LOADING RULES (In Unit Loads) 

Fan-out 

Input Output Ou 

Pins No.'s Unit Load HIGH U 

Mono 11- 

I 2 - 



Mono 2 9 


Q 

10 

- 

40 

10 

io 

11 

0.4 

- 

- 

ii 

12 

0.4 

- 

- 

Cd 

13 

0.4 

- 

- 

Rx/Cx 

14 

- 

- 


Cx ^ 

r 15 

- 

- 

- 

Vcc 

16 

- 

- 

- 


A Schottky TTL Unit Load is defined as 50/uA measured at 
2.7V HIGH and -2.0mA measured at 0.5V LOW. 


OPERATION RULES 
TIMING 

1. Timing components Cx and Ry values. 

Operating Temperature Range 


2. Remote adjustment of timing. 



O^C to 70“C 

-55“C to +125X 

Rx MIN 

Rx MAX 

Cx 

100kJ2 
any value 

5kJ2 

50k^2 
any value 



J>Rx/Cx TERMINAL 


Ri + R2 = Rx 

Rl > RxMlN. 
R2 < RxMAX. - Ri 


In the above arrangement, R^ and Cy should be as close as 
possible to the device pins to minimize stray capacitance and 
externai noise pickup. The variable resistor R 2 can be located 
remotely from the device if reasonable care is used. 
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OPERATION RULES (Cont.) 

3. Pulse width change measurements. 

The pulse width tpwQ is specified and measured with compo¬ 
nents of better than 0.1% accuracy, If measurements are 
made with reduced component tolerances, the expected 
accuracy should be adjusted accordingly. Note that pulse 
width temperature stability improves as Rx increases. 

4. Timing for Cx < 1000 pF. 

When using capacitor of less than or equal to 1000 pF In 
value, the output pulse width should be determined from the 
output pulse width versus external timing capacitance graph. 

5. Timing for Cx > 1000 pF. 

For capacitors of greater than 1000 pF in value, the output 
pulse width, tpwQ, is determined by: 

tpwQ - 0.30CxRx (l + 

' Hy * 


Rx is in kilohms 
Cx is in picofarads 
tpwQ is in nanoseconds 


The output pulse width, tpwQ for the diode circuit modifies the 
previous timing equation as follows: 

/ 0.13» 

fpwQ “ 0.26CxRx (l + 

The output pulse width for the transistor circuit is: 

I 0.16v 

fpwQ “ 0.2lCxRx [1 + I 

Notice that the transistor circuit allows values of timing resistor 
R 2 larger than the Rx MIN. < Rx < RxMAX. to obtain longer 
output pulse widths for a given Cx- 

TRIGGER AND RETRIGGER 

1. Triggering. 

The minimum pulse width signal into input Iq or input 1 1 to 
cause the device to trigger is 20ns. Refer to the truth table for 
the appropriate input conditions. 

2. Retriggering. 

The retriggered pulse width, tpwrQ. is the time during which the 
output is active after the device is retriggered during a timing 
cycle. It differs from the initial pulse width tpwQ timing 
equations as follows: 



I 


TOCx 

TERMINAL 


Di = 1N3064OR 
EQUIVALENT 


TO Ry/Cx TERMINAL 


TC001030 


tpwrQ ~ tpwQ tpLH 

where tpLH is the propagation delay time from the Tq or h input 
to the output. Note that tpm is typically 14ns and therefore 
becomes relatively unimportant as tpwQ increases. 

3. Rapid retriggering. 

A minimum retriggering time does exist. That is, the device 
cannot be retriggered until a minimum recovery time has 
elapsed. The minimum retrigger time is approximately: 


Rl < 0.6 X Rx MAX. 



TORx/Cx TERMINAL 


TC001020 

R 2 < 0.7 X hpEQ-i X Rx 


WrigMIN. - 0.2Cx 
C is in picofarads 
t is in nanoseconds 


Ji 


-ig. 


L-- 

OUTPUT WITHOUT^ 
'RETRIGGER 


jn__rL 


INITIAL RETRIGGER 

TRIGGER PULSE 

PULSE 


6. Protection of electrolytic timing capacitors. 

If the electrolytic capacitor to be used as Cx cannot withstand 
1.0 volt reverse bias, one of the two circuit techniques shown 
below should be used to protect the electrolytic capacitor from 
the reverse voltage. The accuracy of the pulse width may be 
dependent on the diode (transistor) characteristics. 


WF002460 

CLEAR 

A LOW on the clear Inputs terminates the timing cycle. A new 
trigger cycle cannot be initiated while the clear Is LOW. With 
the clear HIGH, the device is under the command of the li and 
Jq inputs. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature.-65®C to +150®C 

Ambient Temperature Under Bias.-55®C to +125X 

Supply Voltage to Ground Potential 

(Pin 16 to Pin 8) Continuous.-0.5V to -H7.0V 

DC Voltage Applied to Outputs For 

HIGH Output State.-0.5V to +Vcc iTiax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage..+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless othenvlse specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

{Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc ~ min, Iqh -2mA 

V|N = V|H or V|L 

2.5 

2.8 


Volts 

VoL 

Output LOW Voltage 

Vcc “MIN, loL = 20mA 

V|N = V|H or V|L 


0.38 

0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH voltage 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input logical LOW voltage 
for all inputs 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc “MIN, l|N“-18mA 


-0.4 

-1.2 

Volts 

IlL (Note 3) 

Input LOW Current 

Vcc = max, V|n “ 0.5V 


-0.15 

-0.4 

mA 

I|H (Note 3) 

Input HIGH Current 

Vcc = max, V|n = 2.7V 


0.1 

20 

fa 

>1 

Input HIGH Current 

Vcc “ max, V|n == 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 
(Note 4) 

Vcc “MAX, VouT=1.0V 

Ta = 25^ Only 

-8 

-15 

-35 

mA 

Icc 

Power Supply Current 

Vcc “5.0V, lix = 0.33mA (Notes 5 & 6) 


48 

69 

mA 


Notes: 1. Typical limits are at Vcc“5.0V, 25°C ambient and maximum loading. 

2. For conditions shown as MIN, or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 
type. 

3. Actual input currents = Unit Load x Input Load Factor (See Loading Rules). 

4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

5. Ice is measured with pin 5 and 11 grounded and l|x applied to pins 2 and 14. 

6. IIX is the current into the RxCx node to simulate Rx- 


TYPICAL PERFORMANCE CURVES 


Typical Normalized 

Output Pulse Width Normalized Output Pulse Width 

Versus Case Temperature Versus Operating Duty Cycle 



-60 -20 0 20 60 80 100 
Jq - CASE TEMPERATURE - °C 


OP001280 



OPERATING DUTY CYCLE - % 

OP001320 
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Output Pulse Width Versus 
External Timing Capacitance 


Typical Normalized 
Output Pulse Width 
Versus Supply Voltage 



Parameters 


tPLH _ 

tPHL _ 

tPLH __ 

tpHL __ 

tPLH 


Description 


Ip to Q _ 

ip to Q _ 

ll to Q _ 

H to Q 
Clear to U 
Clear to Q 

I ip high or 1 1 LOW 
Pulse Width ip LOW to h HIGH 

_ Clear LOW _ 

Clear Recovery (inactive) to Trigger 


Test Conditions 


Vcc = 5.0 V, Rl = 280 f2, Cl = 15 pF, 
Rx = 5 kir2, Cx = 0 pF 




tpvvQ 

(Min) 

Minimum Pulse Width Q Output 

Vcc = 5.0 V, Rx = 5.0 Cx = 0 pF 

Rl= 1.0 k^2 

27 

33 

39 

ns 

ipwQ 

Pulse Width Q Output 

Vcc = 5.0 V, Rl = 280 Cl = 15 pF 
Rx=10 kR Cx= 1000 pF (CKOS Type) 

3.23 

3.42 

3.61 

MS 

Rx 

Timing Resistor 

0°C to 70°C 

-55®C to +125°C 

5 

5 


100 

50 

ki^ 
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Am26S10/Am26Sl1 

Quad Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 

• Input to bus is inverting on Am26S10 • Bus compatible with Am2905, Am2906, Am2907 

• Input to bus is non-inverting on Am26S11 • Advanced Schottky processing 

• Quad high-speed open collector bus transceivers • PNP inputs to reduce input loading 

• Driver outputs can sink 100mA at 0.8V maximum 


GENERAL DESCRIPTION 


The Am26S10 and Am26S11 are quad Bus Transceivers 
consisting of four high-speed bus drivers with open-collec¬ 
tor outputs capable of sinking 100mA at 0.8 volts and four 
high-speed bus receivers. Each driver output is connected 
internally to the high-speed bus receiver in addition to being 
connected to the package pin. The receiver has a Schottky 
TTL output capable of driving ten Schottky TTL unit loads. 

An active LOW enable gate controls the four drivers so that 
outputs of different device drivers can be connected 
together for party-line operation. The enable input can be 
conveniently driven by active LOW decoders such as the 
Am25LS139. 


The bus output high-drive capability In the LOW state 
allows party-line operation with a line impedance as low as 
100S2. The line can be terminated at both ends, and still 
give considerable noise margin at the receiver. The receiv¬ 
er typical switching point is 2.0 volts. 

The Am26S10 and Am26S11 feature advanced Schottky 
processing to minimize propagation delay. The device 
package also has two ground pins to improve ground 
current handling and allow close decoupling between Vcc 
and ground at the package. Both GNDi and GND 2 should 
be tied to the ground bus external to the device package. 


BLOCK DIAGRAM 

Am26S10 


Am26S11 




RELATED PRODUCTS 


Part No. 

Description 

26S12 

26S12A 

2915A 

2916A 

2917A 

Quad Bus Transceiver 

Quad Bus Transceiver 

Quad Three-State Bus Transceiver with Interface Logic 

Quad Three-State Bus Transceiver with Interface Logic 

Quad Three-State Bus Transceiver with Interface Logic 


04598A 
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Am26S10/Am26S11 


CONNECTION DIAGRAM 
Top View 

Vcc ^ Z 3 13 j Ij 22 55 

nnnnnnnn 


15 14 13 12 11 10 9 

Am26S10 

^1 2345678 

■■O'U' □ u u u u u 

GND, Zq Iq I, GND 2 

CD00208G 


Note: Pin 1 is marked for orientation 


LOGIC SYMBOL 



LS 000810 

Vcc = Pin 16 
GNDi = Pin 1 
GND 2 == Pin 8 


METALLIZATION AND PAD LAYOUT 
Am268l0 


''cc 



DIE SIZE 0.059" x 0.075" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26S10/11 


C B 

Valid Combinations 

*— Screening Option 


PC 

Blank - Standard processing 

Am26S10 

DC, DM 

B - Burn-in 

Am26S11 

FM 

— Temperature (See Operating Range) 


XC, XM 


C “Commercial (0°C to +70®C) 
M - Military (-55®C to +125®C) 


•— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 

Device type 

Quad Bus Transceivers 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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CONNECTION DIAGRAM 
Top View 



CD004080 

Note: Pin 1 is marked for orientation 


LOGIC SYMBOL METALLIZATION AND PAD LAYOUT 

Am26S11 
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Am26S10/Am26S11 


TRUTH TABLES 


Am26S10 Am26S11 



H = HIGH Voltage Level X = Don't Care L = LOW Voltage Level 


Y = Voltage Level of Bus (Assumes Control by Another Bus Transceiver) 


TYPICAL APPLICATION 



100« PARTY LINE OPERATION. 

AF001020 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature.-65®C to -»-150®C 

Ambient Temperature Under Bias.-55°C to +125®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Bus..200mA 

DC Output Current, Into Outputs 

(Except Bus).30mA 

DC Input Current...-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 
(Receiver Outputs) 

Vcc = MIN, loH=-10mA 

V|N = V|L or V|H 

MIL 

2.5 

3.4 


Volts 

COM'L 

2.7 

3.4 


VoL 

Output LOW Voltage 
(Receiver Outputs) 

Vcc = MIN, loL*20mA 

ViN * ViL or V|H 



0.5 

Volts 

V,H 

Input HIGH Level 
(Except Bus) 

Guaranteed input logical HIGH 
for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 
(Except Bus) 

Guaranteed input logical LOW 
for all inputs 



0.8 

Volts 

V, 

Input Clamp Voltage 
(Except Bus) 

Vcc = MIN, l|N = -18mA 



-1.2 

Volts 

l|L 

Input LOW Current 
(Except Bus) 

Vcc = max, V|n = 0.4V 

Enable 



-0.36 

mA 

Data 



-0.54 

IlH 

Input HIGH Current 
(Except Bus) 

Vcc = max, V|n = 2 .7V 

Enable 



20 

mA 

Data 



30 

l| 

Input HIGH Current 
(Except Bus) 

Vcc = max, V|n = 5 .5V 



100 

juA 

isc 

Output Short Circuit Current 
(Except Bus) 

Vcc = max (Note 3) 

MIL 

-20 


-55 

mA 

COM'L 

-18 


-60 

ICCL 

Power Supply Current 
(All Bus Outputs LOW) 

Vcc = max 

Enable = GND 

Am26S10 


45 

70 

mA 

Am26S11 



80 


Notes: 1. Typical limits are at Vcc==5.0V, 25°C ambient and maximum loading. 

2 For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 
■ type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage.....+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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Bus Input/Output Characteristics 


Parameters 


Description 


Output LOW Voltage 


Bus Leakage Current 


} Current (Power Off) 


Receiver Input HIGH Threshold 


Receiver Input LOW Threshold 


Test Conditions (Note 2) 


Vcc * MAX 


Bus Enable “2.4V 

Vcc = max 


Bus Enable “2.4V 

Vcc = min 


Iql =* 40mA 
•OL = 70mA 
Iql “ 100mA 
Iql ~ 40mA 
Iql " 70mA 
Iql = 100mA 
VO = 0.8V ~ 
Vq = 4.5V 
Vo = 4.5V 



Notes; 1. Typical limits are at Vcc*5.0V, 25"C ambient and maximum loading. 

2. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device 
type. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 


TYPiCAL PERFORMANCE CURVES 


Typical Bus Output Low Voltage 
Versus Ambient Temperature 


Receiver Threshold Variation 
Versus Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
- AMBIENT TEMPERATURE - °C 


Vcc = 5.25 V rr^ 

:" i I iHcoix- 

Vcc = 4.75 


-55 -35-15 5 25 45 65 85 105 125 

- AMBIENT TEMPERATURE - “C 
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SWITCHING TEST CIRCUIT 



Note 1. Includes Probe and Jig Capacitance. 

SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 

Description 

Test conditions 

Min 

Typ 

Max 

Units 

tPLH 

Data input to Bus 

Am26S10 

Rb = 50 ^2 

Cb = 50pF (Note 1) 


10 

15 

ns 

tPHL 


10 

15 

tPLH 

Am26S11 


12 

19 

tPHL 


12 

19 

tPLH 

Enable Input to Bus 

Am26S10 


14 

18 

ns 

tPHL 


13 

18 

tPLH 

Am26S11 


15 

20 

tPHL 


14 

20 

tPLH 

Bus to Receiver Out 

Rb = 5012, Rl = 280^2 

Cb = 50 pF (Note 1) Cl = 15 pF 


10 

15 

ns 

tPHL 


10 

15 

tr 

Bus 

Rb = 50 ^2 

Cb = 50pF (Note 1) 

4.0 

10 


ns 

tf 

Bus 

2.0 

4.0 


ns 


Note 1. Includes probe and jig capacitance. 


WAVEFORMS 
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Am26S10/Am26S1t 


Am26S10/Am26S11 SCHEMATIC DIAGRAM 
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Am26S12/Am26S12A 

Quad Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 

• Quad high-speed bus transceivers • Choice of receiver hysteresis characteristics 

• Driver outputs can sink 100mA at 0.7V typically 


GENERAL DESCRIPTION 


The Am26S12/Am26S12A are high-speed quad Bus 
Transceivers consisting of four high-speed bus drivers with 
open-collector outputs capable of sinking 100mA at 0.7 
volts and four high-speed bus receivers. Each driver output 
is brought out and also connected internally to the high¬ 
speed bus receiver. The receiver has an input hysteresis 
characteristic and a TTL output capable of driving ten TTL 
loads. 

An active LOW, two-input AND gate controls the four 
drivers so that outputs of different device drivers can be 
connected together for party-line operation. The enable 
inputs can be conveniently driven by active LOW decoders 
such as the Am54S/74S139. 

The high-drive capability in the LOW state allows party-line 
operation with a line impedance as low as 100S7. The line 


can be terminated at both ends, and still give considerable 
noise margin at the receiver. The hysteresis characteristic 
of the Am26S12 receiver Is chosen so that the receiver 
output switches to a HIGH logic level when the receiver 
input is at a HIGH logic level and moves to 1.4 volts 
typically, and switches to a LOW logic level when the 
receiver input is at a LOW logic level and moves to 2.0 volts 
typically. This hysteresis characteristic makes the receiver 
very insensitive to noise on the bus. 

The Am26S12A is functionally identical to the Am26S12 but 
has a different hysteresis characteristic so that the output 
switches with the input being typically at 1.2 volts or 2.25 
volts. In both devices the threshold margin, the difference 
between the switchirig points, is greater than 0.4 volts. 


BLOCK DIAGRAM 


E E 



RELATED PRODUCTS 


Part No. 

Description 

26S10 

Quad Bus Transceiver 

26S11 

Quad Bus Transceiver 

2915A 

Quad Three-State Bus Transceiver with Interface Logic 

2916A 

Quad Three-State Bus Transceiver with Interface Logic 

2917A 

Quad Three-State Bus Transceiver with Interface Logic 


05395A/05396A 


10 
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Am26S12/Am26S12A 


CONNECTION DIAGRAM 
Top View 


^CC ^ *3 ^3 *2 ^2 E 

nnnnnnnn 


16 15 14 13 12 11 10 


12 345678 

TTD U U U U U U 

®0 *0 -^0 *1 ^1 ^ GNO 


CD004070 

Note: Pin 1 Is marked for orientation 


LOGIC SYMBOL 


7 9 2 5 11 14 


METALLIZATION AND PAD LAYOUT 




E Iq h '2 '3 

2o 

Am26S12 • Ann26S12A 2i 
QUAD 7^ 

TRANSCEIVER 2 

Z3 

Bq B2 83 

TTTT" 


iQ 2 - 
2o 3 - 



DIE SIZE: 0.071" x 0.072" 


LS000860 


Vcc-Pin 16 
GND * Pin 8 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26S12/12A 


C B 

Valid Combinations 

1— Screening Option 


PC 

Blank - Standard processing 

Am26S12 

DC, DM ‘ 

B - Burn-in 

Am26S12A 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70‘’C) 
M - Military (-SSX to +125X) 

- Package 
D-16-pin CERDIP 
F-16-pin flatpak 
P- 16-pin plastic DIP 
X- Dice 


Device type 

Quad Bus Transceivers 


Valid Combinations 

Consult the AMD sales office in your area to 
determine If a device Is currently available in the 
combination you wish. 
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Am26S12/26S12A APPLICATION 



lOOn PARTY LINE OPERATION 
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Am26S12/Ani26S12A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

storage Temperature. .-65®C to +150®C Commercial (C) Devices 

Temperature (Ambient) Under Bias .......-55®C to +125X Temperature..0®C to +70®C 

Supply Voltage to Ground Potential Supply Voltage....+4.75V to + 5.25V 

(Pin 16 to Pin 8) Continuous....-0.5V to +7.0V ...... • 

L X X 1 - Military (M) Devices 

DC Voltage App ed to Outputs For ^ Temperature.-55«C to + 125'C 

High Ou^ut State..-0.5V to +ycc max . ^5 5 ^ 

DC Output Current, Into (Bus).°.200mA 

DC Output Current, Into Outputs aiity ot me aevice is guaranteea. 

(Receiver)..30mA 

DC Input Current....-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 

Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

•cc 

Power Supply Current 

Vcc = max 


46 

70 

mA 

•bus 

Bus Leakage Current 

Vcc = max or OV; 

Vbus * 4,0V; Driver in OFF State 



100 

mA 

Driver Characteristics 

VoL 

(Note 1) 

Output LOW Voltage 

Vcc = Ml^ 


COM’L 

•OL “ 100mA 


0.7 

0.8 

Volts 


MIL 

Iql “ 60mA 


0.55 

0.7 

Volts 

V|N = ViH or V|L 1 

Iql “ 100mA 


0.7 

0.85 

V,H 

Input HIGH Voltage 


2.0 



Volts 

VlL 

Input LOW Voltage 




0.8 

Volts 

Vl 

Input Clamp Voltage 

Vcc = min, ltN = -18mA 



-1.2 

Volts 

h 

Input Current 

at Maximum Input Voltage 

Vcc = max, V| = 5.5V 



1.0 

mA 

l|H 

Unit Load 

Input HIGH Current 

Vcc = max, V| = 2.4V 


1.0 

40 

mA 

l|L 

Unit Load 

Input LOW Current 

Vcc = max, V| = 0.4V 


-0.4 

-1.6 

mA 

Receiver Characteristics 

VOH 

Output HIGH Voltage 

Vcc = min, Iqh = -800/tiA 

V|N “ V|L (Receiver) 

2.4 



Volts 

VOL 

Output LOW Voltage 

Vcc = min, loL = 20mA 

V|N = ViL (Receiver) 


0.4 

0.5 

Volts 

ViH 

Input HIGH Level Threshold 

E = H 

Am26S12 

1.8 

2.0 

2.2 

Volts 

Am26S12A 

2.05 

2.25 

2.45 

V|L 

Input LOW Level Threshold 

E = H 

Am26S12 

1.2 

1.4 

1.6 

Volts 

Am26S12A 

1.0 

1.2 

1.4 

VtM 

Input Threshold Margin 

E = H 

0.4 



Volts 

los 

Output Short Circuit Current 

Vcc = max, Vout = o.ov 

-20 


-55 

mA 

Notes: 1. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

2. For the Am26S12FM, Am26S12AFM the output current must be limited at 60mA or the maximum case temperature limited to 125®C 

for correct operation. • 

3. Hysteresis characteristics data tested at 25°C only. 

SWITCHING CHARACTERISTICS (Ta - +25X, Vcc = 5.0V) 

Parameters 

Description 

Conditions 

Min 

Typ 


Units 

tpLH 


Clb*= 15pF, Rlb* 100a 


7 

mm 

mm 

tPHL 

Turn On Delay Input to Bus 

Clb = 300 pF. FIlb = 60 n 


14 

21 

ns 

tPLH 

Turn Off Delay Enable to Bus 

Clb “ 15 pF, R|_b = 50 


10 

mm 

IIIIIIIIIIIQIIIIIII 

tPHL 

Turn On Delay Enable to Bus 

Clb “15 pF, Rlb = 50 n 


10 

mm 

BBI 

tPLH 

Turn Off Delay Bus to Output 

CL = 15pF 


mm 

infill 

B9i 

tPHL 

Turn On Delay Bus to Output 

CL=15pF 


|18 

26 

BSH 



05395A/05396A 
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Am26LS27/Am26LS28 

Dual EIA RS-485 Party Line Transceivers 


DISTINCTIVE CHARACTERISTICS 


• Dual EIA RS-aaa party line transceiver 

• SMHz max. baud rate 

• Drives dual terminated twisted pair line with up to 
32 transcievers on line 

• Output short cicuit protected to Vcm ••rn'ts 


• High Z output at Vcc = max. and zero 

• Separate enable gating for serial applications (27LS27) 

• Three state receiver outputs with common enable 
(26LS28) 


BLOCK DIAGRAM 

Am26LS27 


Am26LS28 



BWO— ] f—OHA 



CONNECTION DIAGRAM 
Top View 




Note: Pin 1 is marked for orientation 


05390A/05391A 
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Am26LS29 


Am26LS29 

Quad Three-State Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


• Four single ended line drivers in one package for 
maximum package density 

• Output short-circuit protection 

• Individual rise time control for each output 

• High capacitive load drive capability 

• Low Icc and Iee power consumption (26mW/driver typ.) 

• Meets all requirements of RS-423 

• Three-state outputs for bus oriented systems 


• Outputs do not clamp line with power off or in hi- 
impedance state over entire transmission line voltage 
range of RS-423 

• Low current PNP inputs compatible with TTL, MOS and 
CMOS 

• Available in military and commercial temperature range 

• Advanced low power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS29 Is a quad single ended line driver, designed 
for digital data transmission. The Am26LS29 meets all the 
requirements of EIA Standard RS-423 and Federal STD 
1030. It features four buffered outputs with high source and 
sink current, and output short circuit protection. 

A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 


The Am26LS29 has three-state outputs for bus oriented 
systems. The outputs in the hi-impedance state will not 
clamp the line over the transmission line voltage of RS-423. 
A typical full duplex system would use the Am26LS29 line 
driver and up to twelve Am26LS32 line receivers or an 
Am26LS32 line receiver and up to thirty-two Am26LS29 line 
drivers with only one enabled at a time and all others in the 
three-state mode. 

The Am26LS29 is constructed using advanced low-power 
Schottky processing. 


BLOCK DIAGRAM 



SR CONTROL A 

OUTPUT A 

SR CONTROL B 

OUTPUT B 

SR CONTROL C 

OUTPUT C 

SR CONTROL D 

OUTPUT D 


ENABLE 

BD001730 


RELATED PRODUCTS 


Part No. 

Description 

26LS30 

26LS32 

26LS33 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 

Quad Differential Line Receiver 

Quad Differential Line Receiver 


04599A 
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CONNECTION DIAGRAM 
Top View 


Vcc C 


16 

INPUT A Q 

2 

15 

INPUT B LI 

3 

14 

ENABLE [I 

4 

Am26LS2S 

13 

GNO LI 

5 

12 

INPUT C [I 

6 

11 

INPUT D LI 

7 

10 

Vee LI 

8 

9 


1 SLEW RATE 
J CONTROL B 
1 SLEW RATE 
J CONTROL C 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 



INPUT D Vee slew RATE 
CONTROL D 

DIE SIZE 0.070" X 0.094" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS29 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am26LS29 

DC, DM 

FM 

-—Temperature (See Operating Range) 


XC, XM 


C -Commercial (OX to +70X) 
M - Military (-55X to +125X) 

I— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 

Quad Single Line Driver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am26LS29 


TYPICAL APPLICATION 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Supply Voltage 

V+.7.0V 

V- . -7.0V 

Power Dissipation. 600mW 

Input Voltage.-0.5 to + 15.0V 

Output Voltage (Power Off).±15V 

Lead Soldering Temperature (10) seconds) .300°C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

Vo 

Output Voltage 

R(_ = oo(Note 3) 

V|N = 2.4V 

4.0 

4.4 

6.0 

Volts 

Vo 

V|N = 0.4V 

-4.0 

-4.4 

-6.0 

Volts 

Vt 

Output Voltage 

Rl = 450J2 

V|N = 2.4V 

3.6 

4.1 


Volts 

Vt 

V|N - 0.4V 

-3.6 

-4.1 


Volts 

IVtM’^I 

Output Unbalance 

|Vccl= IVeeI. RL = 45on 


0.02 

0.4 

Volts 

lx + 

Output Leakage Power Off 

ii 

< 

m 

m 

II 

Vo = 10V 


2.0 

100 

HA 

lx- 

Vo--10V 


-2.0 

-100 

mA 

ls + 

Output Short Circuit Current 

II 

o 

> 

V|N = 2.4V 


-70 

-150 

mA 

Is- 

V|N = 0.4V 


60 

150 

mA 

ISLEW 

Slew Control Current 

VSLEW = Vee + 0-9V 


±110 


mA 

icc 

Positive Supply Current 

V|n = 0.4V, Rl = I«’ 


18 

30 

mA 

lEE 

Negative Supply Current 

V|N = 0.4V, Rl = *» 


-10 

-22 

mA 

lo 

Off State (High Impedance) 
Output Current 

Vcc = max 

Vo = 10V 


2.0 

100 

ma 

Vo--10V 


-2.0 

-100 

ma 

V|H 

High Level Input Voltage 


2.0 



Volts 

V|L 

Low Level Input Voltage 




0.8 

Volts 

l|H 

High Level Input Current 

V|N = 2.4V 


1.0 

40 

ma 

V|N<15V 


10 

100 

pA 

l|L 

Low Level Input Current 

ViN = 0.4V 


-30 

-200 

pA 

V| 

Input Clamp Voltage 

l|N = -12mA 



-1.5 

Volts 


Notes: 1. Typical limits are at Vcc = 5.0V, Vee = -5.0V, 25X ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is +3.9V minimum and -3.9V minimum at -55"C. 


TYPICAL PERFORMANCE CURVES 

Slew Rate (Rise or Fall Time) 

Versus External Capacitor 

Ik 


I 100 


CO 10 


10 100 Ik 10k 

CAPACITANCE - pF 

OP001290 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage (Vcc) .+ 4.75V to + 5.25V 

(Vee) .-4.75V to -5.25V 

Military (M) Devices 

Temperature.-55°C to +125®C 

Supply Voltage (Vcc) •• .+4.5V to +5.5V 

(Vee) .-4.75 to -5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


10 


10-23 


Am26LS29 





















Am26LS29 


SWITCHING TEST CIRCUIT 


SWITCHING TEST WAVEFORM 



TC000850 


Figure 1. Rise Time Controi. 

SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 



TC000860 WF002260 


Figure 2. Three State Deiays 

SWITCHING CHARACTERISTICS (Ta = +25X. Vcc*5.0V. Vee = -5.ov) 


I Parameters | Description ^ Test Conditions | Min | Typ | Max | Units 
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Am26LS30 


Am26LS30 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


Dual RS-422 line driver or quad RS-423 line driver 
Driver outputs do not clamp line with power off or in hi- 
impedance state 

Individually three-state drivers when used in differential 
mode 

Low Ice and Iee power consumption 

RS-422 differential mode 35mW/driver typ. 
RS-423 single-ended mode 26mW/driver typ. 


Individual slew rate control for each output 

50^2 transmission line drive capability (RS-422 into 

virtual ground) 

Low current PNP inputs compatible with TTL, MOS and 
CMOS 

High capacitive load drive capability 
Exact replacement for DS16/3691 
Advanced low power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data 
transmission. A mode control input provides a choice of 
operation either as two differential line drivers which meet 
all of the requirements of EIA Standard RS-422 or four 
independent single-ended RS-423 line drivers. 

In the differential mode the outputs have individual three- 
state controls. In the hi-impedance state these outputs will 
not clamp the line over a common mode transmissin line 
voltage of ±10V. A typical full duplex system would be the 


Am26LS30 differential line driver and up to twelve 
Am26LS32 line receivers or an Am26LS32 line receiver and 
up to thirty-two Am26LS30 differential drivers. 

A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 

The Am26LS30 is constructed using Advanced Low Power 
Schottky processing. 


BLOCK DIAGRAM 

Logic for Am26LS30 with Logic for Am26LS30 with 

Mode Controi HIGH (RS-423) Mode Control LOW (RS-422) 












RELATED PRODUCTS 


Part No. Description 


Quad Three-State Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 
Quad Differential Line Receiver 




CONNECTION DIAGRAM 
Top View 


Vcc 

INPUT A 
INPUT/ENABLE & 
MODE 
GNO 


INPUT/ENABLE C 
INPUT D 

Vee 


CD002070 


Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 

SLEW RATE 

INPUT A '^CC CONTROL A 

2 1 16 

15 

OUTPUT A 
14 

OUTPUT B 
13 

SLEW RATE 
CONTROL B 

12 

SLEW RATE 
CONTROL C 
11 

OUTPUT C 
10 

OUTPUT D 

7 8 9 

INPUT D VpF SLEW RATE 

CONTROL D 

DIE SIZE 0.070" X 0.094" 


ORDERING INFORMATION 

AMD products are ayailablein several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 




Afn26LS30 D C B 

'—Screening Option 

Blank - Standard processing 
B - Burn-In 

— Temperature (See Operating Range) 
C -Commercial (0°C to +70®C) 

M - Military (-55X to +125°C) 

— Package 

D-16-pin CERDIP 
F -16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 

Dual Differential Line Driver 


Valid Combinations 

Am26LS30 

PC 

DC, DM 

FM 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65°C to +150°C 

Supply Voltage 

V+.7.0V 

V- .-7.0V 

Power Dissipation.600mW 

Input Voltage.-0.5 to + 15.0V 

Output Voltage (Power Off).±15V 

Lead Soldering Temperature (10 seconds).300®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
EIA RS-422 Connection, Mode Voltage <0.8V 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage (Vcc) .+ 4.75V to + 5.25V 

(Vee).GND 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage (Vcc) .+4.5V to +5.5V 

(Vee) ...GND 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions (Note 3) 

Min 

Typ 

(Note 1) 

Max 

Units 

Vo 

Differential Output Voltage, Va, b 

RL = oo 

ViN = 2.0V 


3.6 

6.0 

Volts 

v5 

V|N = 0.8V 


-3.6 

-6.0 

Volts 

Vt 

Differential Output Voltage, Va, b 

Rl= 10012 

V|N = 2.0V 

2.0 

2.4 


Volts 

Vt 

V|N = 0.8V 

-2.0 

-2.4 


Volts 

Vos. 

Common Mode Offset Voltage 

Rl= 10012 


2.5 

3.0 

Volts 

|Vt1-|vT| 

Difference in Differential Output Voltage 

Rl= 10012 


0.005 

0.4 

Volts 

I Vos H Vos I 

Difference in Common Mode Offset Voltage 

Rl= 10012 


0.005 

0.4 

Volts 

Vss 

|Vt-W| 

Rl= 10012 

4.0 

4.8 


Volts 

VCMR 

Output Voltage Common Mode Range 

Venable = 2.4V 

±10 



Volts 

IXA 

Output Leakage Current 

< 

o 

II 

VcMR = 10V 



100 

ma 

IXB 

VCMR = -10V 



-100 

ma 

lox 

Off State (High Impedance) 

Output Current 

Vcc = max 

VCMR<10V 



100 

juA 

VcMR^-IOV 



-100 

juA 



V|N = 2.4V 

VoA = 6.0V 


80 

150 

mA 

Isa. Isb 

Output Short Circuit Current 

VoB = 0V 


-80 

-150 

mA 

ViN = 0.4V 

> 

o 

II 

O 

> 


-80 

-150 

mA 



Vob = 6.0V 


80 

150 

mA 

icc 

Supply Current 



18 

30 

mA 

V|H 

High Level Input Voltage 


2.0 



Volts 

V|L 

Low Level Input Voltage 




0.8 

Volts 

l|H 

High Level Input Current 

V|N = 2.4V 


1.0 

40 

juA 

V|n<15V 


10 

100 

mA 

l|L 

Low Level Input Current 

V|N = 0.4V 


-30 

-200 

ma 

V| 

Input Clamp Voltage 

l|N = -12mA. 



-1.5 

Volts 
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Am26LS30 


DC CHARACTERISTICS over operating range unless otherwise specified 
EIA RS-423 Connection, Mode Voltage >2.QN 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

Vo 

Output Voltage 

Rl = ®°(Note 3) 

V|N = 2.4V 

4.0 

4.4 

6.0 

Volts 

V5 

|VccI= |VeeI'4.75V 

V|N = 0.4V 

-4.0 

-4.4 

-6.0 

Volts 

Vt 

Output Voltage 

Rl = 45012 

V|N = 2.4V 

3.6 

4.1 


Volts 

Vt 

|Vcc|= |Vee1= 4.75V 

ViN = 0.4V 

-3.6 

-4.1 


Volts 

|VtI-IW| 

Output Unbalance 

|Vccl= IVeeI. Rl = 45012 


0.02 

0.4 

Volts 

ix + 

Output Leakage Power Off 

Vcc“Vee = 0V 

Vo * 6.0V 


2.0 

100 

pA 

lx- 

Vo *-6.0 


-2.0 

-100 


ls + 

Output Short Circuit Current 

> 

o 

11 

o 

> 

V|N * 2.4V 


-80 

-150 

mA 

Is- 

V|N = 0.4V 


80 

150 

mA 

ISLEW 

Slew Control Current 

'VslEW = Vee + 0.9V 


±140 


pA 

icc 

Positive Supply Current 

V|N = 0.4V, Bi = oo 


18 

30 

mA 

Iee 

Negative Supply Current 

ViN = 0.4V, Rl = 


-10 


mA 

V|H 

High Level Input Voltage 


2.0 



Volts 

V|L 

Low Level Input Voltage 




0.8 

Volts 

IlH 

High Level Input Current 

V|N = 2.4V 


1.0 

40 

HA 

Vin<15V 


10 

100 

pA 

111 

Low Level Input Current 

V|N = 0.4V 


-30 

-200 

HA 

V| 

Input Clamp Voltage 

l|N ” -12mA 



-1.5 

Volts 


Notes: 1. Typical Imits are at Vcc = 5.0V, Vee = -5.0V, 2b°C ambient and maximum loading. 

2. Symbols and definitions correspond to EIA RS-423 where applicable. 

3. Output voltage is -I-3.9V minimum and -3.9Vminimum at -55®C. 


PERFORMANCE CURVE 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 



10 100 Ik 10k 

CAPACITANCE - pF 

OP001300 
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EIA RS-423 CONNECTION 


SWITCHING TEST CIRCUIT 


SWITCHING TEST WAVEFORM 



-O OUTPUT input 


1.5V J 

^ < 10ns 

1 

._20^^_^ 

^ _20ms_- 



0.9VSS -X I 0.9\ 

/ Vss \ 

0 ^Vss _J_\ 


•9Vss 

O.Wss 


Figure 1. Rise Time Control for RS-423. 


RS-422 CONNECTION 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 




WF002310 


‘Current probe is the easiest way to display a differential waveform. 

Figure 2. 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 



Figure 3. Three State Delays. 
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SWITCHING CHARACTERISTICS 

EIA RS-422 Connection, Vcc = 5.0V, Vee = GND, Mode = 0.4V, Ta = 25‘’C 


Parameters 

Description 

Test Conditions 


BH 

UUJJI 


tr 

Differential Output Rise Time 

Fig. 2, Rl = 10012, Cl = 500 pF 


120 

200 

IIQI9II 

tf 

Differential Output Fall Time 

Fig. 2, Rl = 10012, Cl = 500 pF 


120 

200 

BBi 

tPDH 

Output Propagation Delay 

Fig. 2, Rl = 100 12, Cl = 500 pF 


120 

200 


tPDL 

Output Propagation Delay 

Fig. 2, Rl = 10012, Cl = 500 pF 


120 

200 

ns 

tLZ 


Rl = 45012, Cl = 500pF, Cc = 0 pF, Fig. 3 


180 

300 


tHZ 

Output Enable to Output 


250 

350 

ns 

tZL 

Rl = 45012, Cl = 500 pF, Cc = 0 pF, Fig. 3 


250 

350 

tZH 



180 

300 



Notes: 1, Typical limits are at Vcc® 5.0 V, Vee = GND, 25®C ambient and maximum loading. 

2, Symbols and definitions correspond to EIA RS-422 where applicable. 

3, Rl connected between each output and its complement. 


SWITCHING CHARACTERISTICS 

RS-423 Connection, Vcc = 5.0V, Vee =-5.0V, Mode = 2.4V, Ta = 25°C 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tr 

Rise Time 

Fig. 1, Rl = 45012, Cl = 500pF 

Cc = 50pF 


3.0 


ns 

II 

o 


120 

300 

ns 

tf 

Fall Time 

Fig. 1, Rl = 45012, Cl = 500 pF 

Cc = 50pF 


3.0 


ns 

II 

o 


120 

300 

ns 

Src 

Slow Rate Coefficient 

Fig. 1, Rl = 45012, Cl = 500 pF 


.06 


ps/pF 

tPDH 

Output Propagation Delay 

Fig. 1, Rl = 450 12, Cl = 500 pF, Cc = 0 


180 

300 

ns 

tpDL 

Output Propagation Delay 

Fig. 1, Rl = 450 12, Cl = 500 pF, Cc = 0 


180 

300 

ns 


Am26LS30 EQUIVALENT CIRCUIT 
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Am26LS31 

Quad High Speed Differential Line Driver 


DISTINCTIVE CHARACTERISTICS 


• Output skew - 2.0ns typical 

• Input to output delay - 12ns 

• Operation from single +5V supply 

• 16-pin hermetic and molded DIP package 

• Outputs won't load line when Vcc = 0 

• Four line drivers in one package for maximum package 
density 


• Output short-circuit protection 

• Complementary outputs 

• Meets the requirements of EIA standard RS-422 

• High output drive capability for 100^2 terminated trans¬ 
mission lines 

• Available in military and commercial temperature range 

• Advanced low-power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS31 is a quad-differential line driver, designed 
for digital data transmission over balanced lines. The 
Am26LS31 meets all the requirements of EIA standard RS- 
422 and federal standard 1020. It is designed to provide 
unipolar differential drive to twisted-pair or parallel-wire 
transmission lines. 


The circuit provides an enable and disable function com¬ 
mon to all four drivers. The Am26LS31 features 3-state 
outputs and logical OR-ed complementary enable inputs. 
The inputs are all LS compatible and are all one unit load. 

The Am26LS31 is constructed using advanced low-power 
Schottky processing. 


BLOCK DIAGRAM 


_ INPUT 

ENABLE ENABLE D 


INPUT 

C 


INPUT 

B 


INPUT 

A 



RELATED PRODUCTS 


Part No. 

Description 

26LS30 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


05392A 
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Am26LS31 


CONNECTION DIAGRAM 
Top View 



ENABLE 

( r- - 1 12 -IF 



Note: Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


ENABLE 4 - 



DIE SIZE 0.067" x 0.084" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS31 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am26LS31 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0°C to +70®C) 
M - Military (-55^C to +125X) 

I— Package 

D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 

Quad Differential Line Driver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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TYPICAL APPLICATION 



10-35 


05392A 

Refer to Page 13-1 for Essential Information on Military Devices 


Am26LS31 




Am26LS31 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature Range ........65°C to +150®C 

Supply Voltage. .7.0V 

Input Voltage....7.0V 

Output Voltage...5.5V 

Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to + 70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.. .+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 2) 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc “ Min, Iqh “ “ 20mA 

2.5 

3.2 


Volts 

VOL 

Output LOW Voltage 

Vcc = Min, Iql ” 20mA 


0.32 

0.5 

Volts 

V|H 

Input HIGH Voltage 

Vcc = Min 

2.0 



Volts 

V|L 

Input LOW Voltage 

Vcc = Max 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = Max, V|N = 0.4V 


-0.20 

-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = Max, V|N = 2.7V 


0.5 

20 

mA 

l| 

Input Reverse Current 

Vcc = Max, ViN = 7.0V 


0.001 

0.1 

mA 

<0 

Off-State (High Impedance) 
Output Current 

Vcc = max 

Vo = 2.5V 


0.5 

20 

ma 

Vo = 0.5V 


0.5 

-20 

V, 

Input Clamp Voltage 

Vcc “ Min, l|N = 18mA 


-0.8 

-1.5 

Volts 

isc 

Output Short Circuit Current 

Vcc = Max 

-30 

-60 

-150 

mA 

Icc 

Power Supply Current 

Vcc = Max, all outputs disabled 


60 

80 

mA 

tPLH 

Input to Output 

Vcc = 5.0V, Ta = 25“C, 

Load = Note 2 


12 

20 

ns 

tPHL 

Input to Output 

Vcc = 5.0V, Ta = 25“C, 

Load = Note 2 


12 

20 

ns 

SKEW 

Output to Output 

Vcc = 5.0V, Ta = 25°C, 

Load = Note 2 


2.0 

6.0 

ns 

tLZ 

Enable to Output 

Vcc = 5.0V, Ta = 25‘’C, Cl = lOpF 


23 

35 

ns 

tHZ 

Enable to Output 

Vcc = 5.0V, Ta = 25X, Cl = lOpF 


17 

30 

ns 

tZL 

Enable to Output 

Vcc = 5.0V, Ta = 25“C, 

Load = Note 2 


35 

45 

ns 

tZH 

Enable to Output 

Vcc = 5.0V, Ta = 25“C, 

Load = Note 2 


30 

40 

ns 


Notes: 1. All typical values are Vcc = 5.0V, Ta = 25°C. 

2. Cl = 30pF, ViN = 1.3V to Vqut = 1.3V. VrulSE = OV to +3.0V, See Below. 


PERFORMANCE CURVES 


Guaranteed Vqh and Vql 

(Ta = -55‘’C to +125°C) VouT Versus Vcc 


5.0 

4.0 

3.0 

2.0 

1.0 

0 

0 4.0 8.0 12 16 20 

•OL OR “'oh ("’A) 
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5.0 

4.0 

j 3.0 

I 

^ 2.0 
1.0 

0 

0 1.0 2.0 3.0 4.0 

Vqut (VOLTS) 



PIN 4 < 0.8V, PIN 12 > 2.0V 
Rl = 10kr2 TO GROUND 
AREA INSIDE ENVELOPE 
IS LOW IMPEDANCE. (~50S2) 
AREA OUTSIDE ENVELOPE 
IS HIGH IMPEDANCE (>1/4Mn). 


OP001440 


OP001310 
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SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 
(Notes 1 and 3) 


TEST 

POINT Vcc 




WF002390 


ENABLE AND DISABLE TIMES 
(Notes 2 and 3) 


ENABLE 

INPUT 


OUTPUT 

NORMALLY 

LOW 


OUTPUT 

NORMALLY 

HIGH 




*ZL 
-4.5 V 


$2 OPEN' 


V,.3V 

; A I 


- 3.0V 
1.3 V 


-ITl:—^ vn, 


-rTT 


-f -OV 0.5 V 


WF002380 


Notes: 1. Diagram shown for Enable LOW. 

2. Si and S 2 of Load Circuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MHz; Z© = 50^2; tr<15ns; tf< 6.0ns. 
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Am26LS32/Am26LS33 

Quad Differential Line Receivers 


DISTINCTIVE CHARACTERISTICS 


• Input voltage range of 15V (differential or common 
mode) on Am26LS33: 7V (differential or common mode) 
on Am26LS32 

- ±0.2V sensitivity over the input voltage range on 
Am26LS32; 

- ±0.5V sensitivity on Am26LS33 

• 6k minimum input impedance with 30mV input hysteresis 


• The Am26LS32 meets all the requirements of RS-422 
and RS-423 

• Operation from single +5V supply 

• Fail safe input-output relationship. Output always high 
when inputs are open 

• Three-state drive, with choice of complementary output 
enables, for receiving directly onto a data bus. 


GENERAL DESCRIPTION 


The Am26LS32 is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, and Federal 
Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 

The Am26LS32 features an input sensitivity of 200mV over 
the input voltage range of ±7V. 

The Am26LS33 features an input sensitivity of 500mV over 
the input voltage range of ±15V. 


The Am26LS32 and Am26LS33 provide an enable and 
disable function common to all four receivers. Both parts 
feature 3-state outputs with 8mA sink capability and incor¬ 
porate a fail safe input-output relationship which keeps the 
outputs high when the inputs are open. 

The Am26LS32 and Am26LS33 are constructed using 
Advanced Low-Power Schottky processing. 


BLOCK DIAGRAM 


ENABLE ENABLE INq* INq. 


•NC+ 'Nc- 


INb> INb- 


•Na^ 


INa 



BD001640 


RELATED PRODUCTS 


Part No. 

Description 

26LS29 

26LS30 

26LS31 

Quad Three-State Single Ended RS-423 Line Driver 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad High Speed Differential Line Receiver 


05393A/05394A 


10 


10-39 


Refer to Page 13-1 for Essential Information on Military Devices 


Am26LS32/Am26LS33 




Am26LS32/Am26LS33 


CONNECTION DIAGRAM 
Top View 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS32/33 D C B 

*—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 

C -Commercial (0°C to +70®C) 

M - Military (-55X to +125X) 

L—Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice Valid Combinations 

Consult the AMD sales office In your area to 
Device type determine if a device Is currently available in the 

Quad Line Receivers combination you wish. 


Valid Combinations 

Am26LS32 

Am26LS33 

PC 

DC, DM 

FM 

XC, XM 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.7.0V 

Commom Mode Range.±25V 

Differential Input Voltage.±25V 

Enable Voltage. 7.0V 

Output Sink Current.50mA 

Storage Temperature Range.-65®C to +165®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 


Description 


Test Conditions 


Differential Input Voltage 

Input Resistance 

Input Current (Under Test) 

Input Current (Under Test) 

Output HIGH Voltage 

Output LOW Voltage 

Enable LOW Voltage 
Enable HIGH Voltage 
Enable Clamp Voltage 

Off-State (High Impedance) 
Output Current 

Enable LOW Current 
Enable HIGH Current 
Enable Input High Current 
Output Short Circuit Current 
Power Supply Current 
Input Hysteresis 
Input to Output 
Input to Output 
Enable to Output 
Enable to Output 
Enable to Output 
Enable to Output 


All typical values are Vcc“ 5.0V, 


Am26LS32, - 7V < Vcm < + 7V 
VquT = Vql or Vqh Am26LS33, -15V < VcM < -H 5V 

-15V < Vcm ^ +1 5V (One input AC ground) 

VlN = -H 5V, Other Input -15V < V|n < + 15V 

VlN = -15V, Other Input -15V < V|n < -*-15V _ 

Vcc = Min, AV|n = + 1.0V COM’L 

Venable = 0-8V. Iqh = -440juA _ mil_ 

Vcc = Min, AV|n = -1 .OV Iql = 4.0mA 

Venable = 0-8V Iol = s.omA 


Vcc = Min, l|N = -^®niA 

Vq = 2-4V ~ 

Vcc = Max ^ Q 

V|N = 0.4V _ 

V|N = 27V _ 

V|N = 5.5V _ . _ 

Vq = OV, Vcc ^ Max, AV|n = -H -OV _ 

Vcc = Max, All V|N = GND, Outputs Disabled 
Ta = 25°C. Vcc = 5 0V> VpM = OV 

Ta = 25'’C, Vcc = 5-0V, Cl = 15pF, see test cond. below 
Ta = 25°C, Vcc = 5 0V, Cl=15pF, see test cond. below 
Ta = 25°C, Vcc “ 5.0V, Cl = 5pF, see test cond. below 
Ta = 25‘’C, Vcc = 5.0V, Cl = 5pF, see test cond. below 
Ta = 25“C, Vcc = 5.0V, CL=15pF, see test cond. below 
Ta = 25°C, Vcc = 5.0V, Cl = 15pF, see test cond. below 


SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 

(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 


Cl includes 

PROBE AND JIG 
CAPACITANCE 


> 2kn ? 
0~—^Ar—I 


. ALL DIODES 
1N916 0R 
■ 1N3064 


OPPOSITE - 
PHASE 
INPUT " 
TRANSITION 


- f\ V-.VOL 

j-—-4 -*plh |-—-4-*phl 

VI I , -+1.0 


output \| 

NORMALLY | 1.3V 

LOW S,OPEn \ , 

I- -‘ZH 


-1.0V output 1/ 

WF002240 SiOpen#’'^ 


Notes: 1. Diagram shown for Enable LOW. 

2. Si and S 2 of Load Circuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MHz; Zq = 50rZ; tr<15ns; tf< 6.0ns. 
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Am26LS32B 


Am26LS32B 

Quad Differential Line Receiver 


DISTINCTIVE CHARACTERISTICS 


±100mV sensitivity over Vin range of OV to 5V 
±200mV sensitivity over Vcm range 
-IM to +12V input voltage range - differential or 
common mode 

Guaranteed input voltage hysteresis limits 

- 80mV minimum 

- 200mV maximum 

3V maximum open circuit input voltage 


• Three-state outputs disabled during power-up and pow¬ 
er down 

• Maximum guarantees for tpo skew 

• All AC and DC parameters guaranteed over COM'L and 
MIL operating temperature ranges 

• Single +5V supply 

• Advanced low-power Schottky processing 


GENERAL DESCRIPTION 


The Am26LS32B is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, CCITT V.10 and 
V.11, and Federal Standards 1020 and 1030 for balanced 
and unbalanced digital data transmission. 

The Am26LS32B features an input sensitivity of 200mV 
over the common mode input voltage range of -7V to 
+ 12V. 

The Am26LS32B is the first device in the Am26LS32 
configuration to guarantee minimum hysteresis and propa¬ 
gation delay skew while maintaining better propagation 
delay guarantees than the Am26LS32, This allows a more 


critical analysis of performance in high noise environments 
and better performance in terms of signal quality, resulting 
in better system performance. 

The Am26LS32B provides an enable and disable function 
common to all four receivers. It features three-state outputs 
with 24mA sink capability and incorporates a fail safe Input- 
output relationship which keeps the outputs high when the 
inputs are open. 

The Am26LS32B is constructed using Advanced Low- 
Power Schottky processing. 


BLOCK DIAGRAM 


ENABLE ENABLE INq2 INqi IN(.2 INd INb2 'I^BI "^A2 "^A1 



RELATED PRODUCTS 


Part No. 

Description 

26LS29 

26LS30 

26LS33 

Quad Three-State Single Ended RS-423 Line Driver 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 


01024A 
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CONNECTION DIAGRAM 
Top View 



METALLIZATION AND PAD LAYOUT 



DtE SIZE 0.056" x 0.084" 


ORDERING INFORMATION 

AMD products are available In several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS32B 


C B 

Valid Combinations 

1—Screening Option 


PC 

Blank - Standard processing 

B - Burn-in 

Am26LS32B 

DC, DM 

FM 

— Temperature (See Operating Range) 


XC, XM 


C -Commercial (0®C to +70®C) 
M - Military (-55^*0 to +125*^0) 


'— Package 

D-16-pin CERDIP 
F - 16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 

Device type 
Quad Line Receiver 


Valid Combinations 

Consult the .AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am26LS32B 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage. 7.0V 

Commom Mode Range. ±25V 

Differential Input Voltage ..±25V 

Enable Voltage.7.0V 

Output Sink Current.50mA 

Storage Temperature Range ..-65®C to +165®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

Vth 

Differential Input Voltage 

VOUT = VoL or VoH 

0<Vcm< + 5V 

-100 

±60 

100 

mV 

-7V<Vcm< + 12V 

-200 


200 

Vhyst 

Input Hysteresis 


80 

120 

200 

mV 

V|OC 

Open Circuit Input Voltage 


2.0 


3.0 

Volts 

Rin 

Input Resistance 

-15V <VcM ^ + f5V (One input AC ground) 

6.0 

10 



l|N 

Input Current (Under Test) 

V|N = +15V, Other Input -15V < Vin < +15V 



2.3 

mA 

l|N 

Input Current (Under Test) 

V|n=-15V, Other Input -15V < V|n < + 15V 



-2.8 

mA 

VOH 

Output HIGH Voltage 

Vcc = Min, AV|n = + 1.0V 

Venable = o.sv. 

•oh = -" 12mA 

2.0 



Volts 

•oh““‘*'^a 

2.4 



VoL 

Output LOW Voltage 

Vcc = Min, AV|n = -1.0V 

Venable = o.ev 

•OL f Sit^A 



0.4 

Volts 

•OL = 24mA 



0.5 

V|L 

Enable LOW Voltage 




0.8 

Volts 

VlH 

Enable HIGH Voltage 


2.0 



Volts 

V| 

Enable Clamp Voltage 

Vcc ~ Min, liN^'-ffiR^A 



-1.5 

Volts 

lo 

Off-State (High Impedance) 
Output Current 

Vcc = Max 

Vo = 2.4V 



50 

ma 

Vo = 0.4V 



-50 

III 

Enable LOW Current 

V|N = 0.4V 



-0.36 

mA 

. I|H 

Enable HIGH Current 

ViH = 2.7V 



20 

iuA 

l| 

Enable HIGH Current 

V|N = 5.5V 



100 

ma 

isc 

Output Short Circuit Current 

Vo = OV, Vcc = Max, AV|n = + 1.0V 

-30 

-65 

-120 

mA 

Icc 

Power Supply Current 

Vcc = Max, All V|N = GND, Outputs Disabled 


52 

70 

mA 


Note: 1. All typical values are Vcc = 5.0V, Ta = 25°C. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. .0°C to +70®C 

Supply Voltage..+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 

(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 


Cl includes 

PROBE AND JIG 
CAPACITANCE 


Si p 


ALL DIODES 
^ 1N916 0R 
■ 1N3064 


OPPOSITE - 
PHASE 
INPUT " 
TRANSITION 


-1.0V 

WF002450 


OUTPUT \| 

NORMALLY | 1.3V 

LOW So OPEN \ 


OUTPUT 
NORMALLY , 
HIGH ' 



Notes; 1. Diagram shown for Enable LOW. 

2. Si and S 2 of Load Circuit are closed except where shown. 

3. Pulse Generator for All Pulses: Rate < 1.0MHz; Zq = 50^2; tr< 2.5ns; tf< 2.5ns. 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5 0V) 


Parameters 

tPLH _ 

tPHL _ 

tSKEW _ 

JZL_ 

JZH_ 

JLZ_ 

JHZ_ 


Description 

Propagation Delay, Input to Output 
Propagation Delay Skew, tpm - tpm 
Output Enable Time, ENABLE to Output 

Output Disable Time, ENABLE to Output 


Test Conditions 


Cl = 50 pF 
See test circuit 


Cl = 5 pF 
See test circuit 


Min 

Typ 

Max 

Units 


16 

21 

ns 


17 

21 

ns 


1.5 

3.0 

ns 


16 

22 

ns 


10 

16 

ns 


11 

18 

ns 


13 

18 

ns 


SWITCHING CHARACTERISTICS* over operating range unless otherwise specified 


Parameters Descriptions Test Conditions Min Max 

tpLH 26 

- Propagation Delay, Input to Output - 

tpHL _ 26 

tSKEW Propagation Delay Skew, tpLH - fpHL = 50 pF 4 0 

-See test circuits- 

tzL 33 

Output Enable Time, ENABLE to Output 

- Output Disable Time, ENABLE to Output see\sf dLlt-^ 

*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


Test Conditions 


Cl = 50 pF 
See test circuits 


Cl = 5 pF 
See test circuit 


COMMERCiAL 

Am26LS32B 

MILiTARY 

Am26LS32B 

Min 

Max 

Min 

Max 


26 


26 


26 


26 


4.0 


4.0 


33 


33 


22 


22 


27 


27 


27 


27 
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Am26LS34 


Am26LS34 

Quad Differential Line Receiver 


DISTINCTIVE CHARACTERISTICS 


• Meets all requirements of EIA Standards RS-422, RS- 
423, CCITT V.10 and V.11, and the new party line 
standard in development under EIA Project Number 
1360. 

• ±200mV sensitivity over input voltage range 

• ± 150mV sensitivity for VcM = 0 

• -7V to +12V common mode input voltage range 
« 12k^2 minimum input impedance 


• Maximum guarantees for tpo skew 

• All AC and DC parameters guaranteed over MIL and 
COM'L temperature ranges 

• Guaranteed input voltages hysteresis limits 

- 120mV minimum 

- 300mV maximum 

• No Internal failsafe 

• Pin compatible with Am26LS32/32B/33 


GENERAL DESCRIPTION 


The Am26LS34 is a high performance, quad, differential 
line receiver. It has higher impedance and higher input 
voltage hysteresis than the similar Am26LS32B. The 
Am26LS34 also does not have Internal fail-safe to allow 
greater user flexibility. 

Input threshold sensitivty Is specified for three different 
VcM ranges. The improved sensitivity, guaranteed hystere¬ 


sis and skew limits allow a more critical analysis of system 
performance in high noise environments and better system 
performance capability. 

All performance parameters are guaranted over ±10% 
supplies and over the operating temperature range. In 
addition; Iql 's specified to 24mA for easy system bus 
interfacing. 


BLOCK DIAGRAM 


ENABLE ENABLE INq+ INq, 


•Nc+ INc- 


INb+ INb- 


INa+ INa 



BD001640 


RELATED PRODUCTS 


Part No. 

Description 

26LS29 

26LS30 

26LS32 

26LS33 

Quad Three-State Single Ended RS-423 Line Driver 

Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
Quad Differential Line Receiver 

Quad Differential Line Receiver 


01025A 
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CONNECTION DIAGRAM 
Top View 



Note; Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 



GND 8 -' I- 9 


DIE SIZE 0.056" x 0.084" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS34 D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0°C to + 70®C) 

M - Military (-55^0 to +125°C) 

— Package 

D-16-pin CERDIP 
F-16-pin flatpak 
P-16-pin plastic DIP 
X- Dice 


Device type 
Quad Line Receiver 


Valid Combinations 

Am26LS34 

PC 

DC, DM 

FM 

XC, XM 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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Am26LS34 


ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.. 7.0V 

Commom Mode Voltage. ...±25V 

Differential Input Voltage.30V 

Enable Voltage...7.0V 

Output Sink Current.50mA 

Storage Temperature Range.-65®C to +165®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

Vth 

Differential Input Voltage 

VoUT = VoL or Vqh 

VcM = 0V 

-150 

±90 

+ 150 

mV 

-7V<Vcm< + 12V 

-200 


+ 200 

-15V<Vcm< + 15V 

-400 


+ 400 

Vhyst 

Input Hysteresis 


120 

180 

300 

mV 

Rin 

Input Resistance 

-15V < VcM ^ + 15V (One input AC ground) 

12k 

20k 

40k 


l|N 

Input Current (Under Test) 

Vin = + 12V 


0.7 

1.0 

mA 

•in 

Input Current (Under Test) 

< 

2 

II 

< 


-0.5 

-0.8 

mA 

VOH 

Output HIGH Voltage 

Vcc = Min, AV|n = + 1.0V 
Venable = o.8V 

-12mA 

2.0 



Volts 

-1mA 

2.4 

3.4 


VoL 

Output LOW Voltage 

Vcc = Min, 

Vcc = Min, AV|n = -1.0V 
Venable = o.8V 

■oh = 16mA 



0.4 

Volts 

lOL = 24mA 



0.5 

V|L 

Enable LOW Voltage 




0.8 

Volts 

V|H 

Enable HIGH Voltage 


2.0 



Volts 

V| . 

Enable Clamp Voltage 

Vcc = Min, i|N = - 18mA 



-1.5 

Volts 

V|OC 

Open Circuit Input Voltage 


2.0 


3.0 

Volts 

lo 

Off-State (High Impedance) 
Output Current 

Vcc = Max 

Vo = 2.4V 



50 

mA 

Vo = 0.4V 



-50 

l|L 

Enable LOW Current 

V||M = 0.4V 


-0.03 

-0.2 

mA 

•iH 

Enable HIGH Current 

V,H = 2.7V 


0.5 

20 . 

AxA 

l| 

Enable Input High Current 

V|N = 5.5V 


1 

100 

mA 

•sc 

Output Short Circuit Current 

Vo = OV. Vcc = Max. AVin = + 1.0V 

-30 

-65 

-120 

mA 

Icc 

Power Supply Current 

Vcc = Max, All V|N = GND, Outputs Disabled 


52 

70 

mA 


Note: 1. All typical values are Vcc = 5.0V, Ta = 25°C. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage..+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature..-55®C to +125°C 

Supply Voltage. ... + 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TEST CIRCUIT 
FOR THREE-STATE OUTPUTS 


PROPAGATION DELAY 

(Notes 1 and 3) 


ENABLE AND DISABLE TIMES 

(Notes 2 and 3) 


Cl includes 

PROBE AND JIG 
CAPACITANCE 


ALL DIODES 
’■ 1N916 0R 
■ 1N3064 


OPPOSITE - 
PHASE 
INPUT 
TRANSITION 


OUTPUT \| 

NORMALLY 1 

LOW S2 0PENI> 


-l.OV OUTPUT 1/ 

WF002240 SiOpenTT^'^ 


Notes: 1. Diagram shown for Enable LOW. 

2. S-| and S 2 of Load Circuit are closed except where shown. 

3. Pulse Generator Rate < 1.0MHz; Zq = 50S2; V, tf< 2.5ns. 


SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5 0V) 


Parameters 

tPLH _ 

tPHL _ 

tSKEW _ 

JZL_ 

tZH _ 

tLZ _ 

JHZ_ 


Description 

Propagation Delay, Input to Output 
Propagation Delay Skew, tpLH - tpHL 
Output Enable Time, ENABLE to Output 

Output Disable Time, ENABLE to Output 


Test Conditions 


Cl = 50 pF 
See test circuit 


Cl = 5 pF 
See test circuit 


0.5 V 

WF002440 


Min Typ 

Max 

Units 

18 

24 

ns 

20 

24 

ns 

2 

4 

ns 

16 

22 

ns 

10 

16 

ns 

11 

18 

ns 

13 

18 

ns 


SWITHCING CHARACTERISTICS* over operating range unless otherwise specified 


Parameters 

tPLH _ 

IPHL _ 

tSKEW _ 

tZL 

JZH_ 

tLZ _ 

jHZ_ 


Description 

Propagation Delay, Input to Output 
Propagation Delay Skew, tpLH - tpHL 
Output Enable Time, ENABLE to Output 

Output Disable Time, ENABLE to Output 


Test Conditions 


, Cl = 50 pF 
See test circuit 


Cl = 5 pF 
See test circuit 


_I_I_ I _I_::: 

'AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 


COMMERCIAL 

MILITARY 

Am26LS34 

Am26LS34 

Min 

Max 

Min 

Max 


30 


30 


30 


30 


±5 


±5 


33 


33 


22 


22 


27 


27 


27 


27 
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Am26LS38 


Am26LS38 

Quad Differential Backplane Transceiver 

_ PRELIMINARY __ 

DISTINCTIVE CHARACTERISTICS 

• 10Mb data rate • Driver register and receiver latch with register bypass 

• 0.45V DC noise margin mode 

• Biasing line terminations allow low voltage swing while • Driver output short-circuit protected to Vcc limits 

maintaining high noise margin • Outputs disabled during power-up and down 

• Pair delay 55ns maximum • Three-state receiver outputs maintain Hi-Z during power-up 

• Controlled driver skew to minimize noise and down and over Vcc range 

GENERAL DESCRIPTION 

The Am26LS38 is a high performance backplane transceiv- can have up to 24 receiver unit loads in a party-line, wired- 

er designed to integrate Schottky TTL performance, high OR logic configuration, with a guaranteed fail-safe state, 

noise immunity and wired logic capability into a low cost and operates from a single 5V power supply, 

differential backplane structure. The resulting backplane 


BLOCK DIAGRAM 



BD001380 


02163B 
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CONNECTION DIAGRAM 
Top View 


DIP 


RLE [II2 


24 

Zl ''cc 


2 

23 

Zjse 

DJA 

3 

22 

=]BA 

OOA 

4 

21 

ZJB* 

018 C 

S 

20 

Obb 

DOB Cl 

« 

19 

OSB 

«cc: 

7 

18 

□ BC 

DOC Cl 

8 

17 

zisg 

DID CZ 

9 

16 

ZlBO 

DOO Cl 

10 

IS 

ZliB 

sC 

11 

14 

□ Em 

GND d 

12 

13 

=|CP 



CD001830 


Note; Pin 1 is marked for orientation 


Chip-Pak 

L-28-1 

OtA 5e RLE NC Vcc il BA 



SYSTEM CONNECTION DIAGRAM 


Vt = Vcc = +5V 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am26LS38 


C B 

Valid Combinations 

1—Screening Option 


DC, DCB, DM, 

Blank - Standard processing 


DMB 

B - Burn-in 

Am26LS38 

LC, LCB, LM, 

— Temperature (See Operating Range) 


LMB 

C -Commercial (0®C to +70®C) 


XO, XM 


M - Military (-55X to +125X) 


*— Package 

D-24-pin SLIM DIP 
L-28-pln Chip-Pak 
X- Dice 

Device type 

Quad Differential Backplane Transceiver 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 


BA, BB, 

BG, BD 
IBj), BA. 

BB, BC, 

BD (Bi) 

I/O 

Paired open emitter (Bj)/open collector (Bj) driver outputs and receiver inputs. The driver outputs are either 
simultaneously active or simultaneously inactive. In the inactive state (DIj = LOW) both drivers (Bj and Bj) are turned 
off and the voltage differential representing the OFF state is determined by the line terminating resistor networks. In 
the active state (DIj = HIGH), both drivers are driven on and act to reverse the voltage differential across the line to 
produce the ON state. 

The open-emitter/open-collector outputs are always connected in a wired-OR (or wired-AND) configuration. A driver is 
disabled by making its outputs inactive. 

23 

BE 

1 

Bus Enable operates to enable or disable all output drivers by making them inactive when BE = HIGH and controlled 
by data input when BE = LOW. 

13 

CP 

1 

Clock Pulse input to the driver register enters data on the LOW-to-HIGH transition. 


DIA, DIB, 
DIG, 

DID (Dli) 

1 

Data inputs to each driver's buffer or register. A HIGH input to DIj will result in an active (ON) output. A LOW input will 
cause an inactive (OFF) output. 


DOA, 

DOB, 

DOC, 

DOD (DOj) 

0 

Receiver data latch outputs. An inactive bus (OFF state) will produce a LOW DOj output and an active bus (ON state) 
will produce a HIGH DOj output. 

14 

m 

1 

Clock Enable for the driver registers. EN = LOW enables DIj data to be clocked into the respective register. 

EN = HIGH acts to hold previous data in each register regardless of the state of CP. 

2 


1 

Output Enable for the receiver latch output buffer. When DE is LOW the outputs are enabled. When OE is HIGH all 
receiver outputs are in the high impedance state. 

1 

RLE 

1 

Receiver Latch Enable for the receiver latches. When RLE is HIGH the latches are transparent. When RLE is LOW 
received data meeting the setup and hold requirements relative to the HIGH-to-LOW transition of RLE will be stored. 

11 

S 

1 

Select input control for the drivers. When S is HIGH driver data from the registers will be selected (Register Mode). 
When S is LOW (Buffer Mode) the drivers respond to the DIj inputs directly, bypassing the driver registers. 

FUNCTION TABLE 

Inputs 

Outputs 

Function 

RLE CP In OE S BE Dij B\ Bi 

Bi Bj 

DOi 

H X X L L L L NA NA 

H X X L L L HNANA 

L H 

H L 

L 

H 

Driver buffer mode (loop test) 

H T L L H L L NA NA 

H T L L H L H NA NA 

L H 

H L 

L 

H 

Driver register mode 

HXXL XHXLH 

HXXLXHXHL 

NA NA 

NA NA 

L 

H 

Receiver latch mode 

LXXLXHXXX 

X X 

DOin.1 

Receiver in circulation 

X X X H X H X X X 

X X 

Z 

Receiver output in high impedance state 

H = HIGH DOin _ 1 = Previous state Of DOj X = Don't care 

L = LOW Z = High impedance NA = Not applicable 

f = LOW-to-HIGH transition of clock 

FUNCTIONAL DESCRIPTION This 2-state (active/passive) operation makes passive or 

wired logic functions possible. In the passive state, the lines 
The Am26LS38 represents a new approach in backplane assume a known polarity and voltage (pre-biased bus). The 

transceiver design. Its unipolar differential signalling scheme passive bus state may be assigned either the false (wired-OR) 

minimizes problems associated with crosstalk and the loss of (wired-AND) sense, potentially reducing the number of 

noise immunity due to common mode voltage while providing backplane signal lines, 

high speed, party line and wired logic capabilities. 

A good ground system and shielding are the best methods for ^he 2-state driver employs active pull-down (open collector) 

limiting noise on the backplane. Ground planes can significant- (“P®'’ ®'^'«®'-) ®‘®g®® (Figure A), 

ly reduce inductive ground voltage ringing. Where multilayer ^hen a dnver is active, both output stages turn on. This 

PC backplane are not a reasonable choice, a differential bus impresses a O.SV minimum voltage differential on the bus 

can be created using the Am26LS38 and twisted pair or any ^®''®^S'"g P®f'''® ™‘‘® 

balanced transmission medium. ®'®9®® ®^® The voltage levels and polarities return 

to the conditions set by the pre-biasing resistive network. In 

A backplane designed with an Am26LS38 has 3 main ele- either state the voltage across the differential lines are 

ments; 1) a driver section, 2) a receiver section, 3) and a symmetrical about Vcc/2. The system achieves high speeds 

controlled impedance differential line with a pre-biasing line because the voltage levels required to change state are very 

termination. The scheme for driver, receiver, and termination close together, 

resistors is shown in Figure A. 

The receiver is designed with a ±50mV threshold voltage. This 
SYSTEM OPERATION low threshold level combined with a driver output greater than 

X U*. *■ . * * 500mV provides a high degree of tolerance to attenuation and 

The system has two operational states. provides 

1. Active - driver outputs on differential noise immunity. Without hysteresis, a small amount 

2. Passive - driver outputs off of noise around the switching threshold could cause errors. 
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Propagation delay skew (tpHL-tpLH) 'S controlled. The system 
allows up to 1.5V of common mode voltage. 

TERMINATING THE TRANSMISSION LINE 
OR BUS 

Common mode reflections in the line can be reduced signifi¬ 
cantly by symmetrically terminating the bus. This increases the 
tolerance to common mode noise. Centering the network at 
Vcc/2 (Ri = R 3 ) further improves the performance by causing 
all induced noise and reflections to appear as a common 
mode signal (Figure B). 


Figure B. Object Circuit 



Figure A. The Scheme for Driver, Receiver, and Termination Resistors 



A first order approximation of resistor values may be devel¬ 
oped by letting the ratio of Ri to R 2 be 2:1, and the Thevenin 
equivalent resistance of the termination equal the characteris¬ 
tic impedance of the line (Zq). 

Then: 


(1) Voc = Vt 


R 2 


( 2 ) Rth = 


R 2 + 2R-| 
2R1R2 


2Ri + R 2 

From equation ( 1 ) and (2), 


(3) 

(4) 


Rl = 
R 2 = 


VtRth 

2 Voc 

VtRth 

Vt-Voc 


If Vj = 5V, Voc = 1 -OV, and Rjh == 90^ ” Zq, we can derive 
that Ri- 220 a R 2 M 10 a 

Second order adjustments require attention to unit loading 
factors (receiver differential input resistance is in parallel with 
R 2 ), transmission rates and a host of other factors. 

DATA PATH 

Figure C shows the data path from one driver to another 
receiver for one bit of the bus interface. 

The transmit register or buffer and receiver latch are config¬ 
ured to provide two modes of operation. The register and latch 
can provide local storage for output and input data. In the non¬ 
storage mode the buffer input to the driver can be selected 
and the receiver can be wired transparent. Incorporating 
storage on-chip provides Improved speed and lower package 
count without significant penalty in the non-storage mode. 



10-53 


02163B 

Refer to Page 13-1 for Essential Information on Military Devices 


Am26LS38 





Am26LS38 


Figure C. The Data Path for One Bit of the Bus interface 


tMTERNALBUS 



INTERNAL BUS 


DF000340 


EQUIVALENT CIRCUIT 
Recommended Termination 



Operating Temperature Range Equivalent Termination Versus DC Resistance 


Zo 

Rl = Rl’ 

R2 = R2’ 

9on 

220a 

11012 

120fi 

3000. 

15012 


Minimum line Vq (differential voltage) = 0.5V 


Zo 

Ro 

88.012 

44.0^2 

120.012 

60.0^2 
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ABSOLUTE MAXIMUM RATINGS 

OPERATING RANGES 


Supply Voltage.7.0V 

Common Mode Range.0 to Vcc 

Differential Mode Range (REC).0 to Vcc 

Logic Inputs.5.5V 

Storage Temperature Range .-65 to +150®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Commercial (C) Devices 

Temperature.0°C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 




Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Bus Driver Output 

Vo 

Output Differential Voltage 
(Driver Active) Vei-Vsi 

BE = LOW 

Dlj = HIGH 

Test Circuit #1 

0.5 



Volts 

Iss 

Output Current 

Dlj = HIGH 

la 

-22.5 

-55 

-115 

mA 

Test Circuit #2 

BE = LOW 

lb 

+ 22.5 

+ 55 

+ 115 

isc 

Output Short Circuit Current 

Vcc = 5.5V 

-75 

-1 

-250 

mA 

Bus Receiver Input 

VtH 

Differential Input 

Threshold Voltage 

VcM = 0 to Vcc 

VOUT = VoL or Vqh 

-50 

±10 

+ 50 

mV 

Rin 

Input Resistance to GND 

0<Vcc^Vcc Max 

4 

5.7 


kI2 

Rin 

Differential Input Resistance 

0<Vcc^Vcc Max 

8 

11.4 


kn 

Vos 

Center Voltage 

Test Circuit #3 

Active and Passive 

2.0 

Vcc/2 

3.0 

Volts 

IVosH^I 

Center Voltage Difference 
(Active vs Passive) 

Test Circuit #3 


90 

300 

mV 

Non-Bus Input and Outputs 

VOH 

Output HIGH Voltage 

AV|n = +0.1V 

lOH =-15mA 

2.4 

3.4 


Volts 

lOH = -24mA 

2.0 

3.3 


VoL 

Output LOW Voltage 

AVin = -0.1V 

MIL, loL = 32mA 



0.5 

Volts 

COM'L, loL = 48mA 



0.5 

V|H 

Input HIGH Voltage 

Guaranteed Input Logical HIGH 

Voltage for All inputs 

2.0 



Volts 

V|L 

Input LOW Voltage 

Guaranteed Input Logical LOW 

Voltage for All Inputs 



0.8 

Volts 




Data 


-275 

-400 

fxA 

l|L 

Input LOW Current 

V|N = 0.4V 

Control 


-0.65 

-1.0 

mA 

Clock 


-0.65 

-1.0 

mA 

l|H 

Input HIGH Current 

V|N = 2.7V 


0.1 

+ 50 

UiA 

isc 

Output Short Circuit Current 

Vcc = 5.5V 

-75 

-150 

-250 

mA 

ll 

input Leakage Current 

ViN = 5.5V 



1 

mA 

Vic 

Input Clamp Voltage 

l|N = -18mA 


-0.75 

-1.2 

Volts 

loz 

Leakage Current Passive 

Vo = 2.4V 



+ 50 

M 

Vo = 0.4V 



-50 




Ta = 70X 



145 


icc 

Power Supply Current 

BE, UE = HIGH 

Tc = 125°C 



130 

mA 


-55 to +125“C 


110 

160 
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SWITCHING TEST CIRCUIT 


Test Circuit #1 



= 200 n 
Rz^soa 
Cl = 50pF 


TC000710 


Test Circuit #2 



Test Circuit #3 


Test Circuit #4 



TEST 

POINT ''CC 



Notes: 1. Cl = 50pF unless otherwise specified. 

2 . Si and S 2 are closed except where shown. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 







COMMERCiAL 

MILiTARY 







C DEViCES 

M DEVICES 







Ta = 0 to + TO-C 
Vcc = 5.0V ± 10 % 

Ta = -55 to +125“C 
Vcc = 5.0V ± 10% 


Parameters 

Description 


Test Conditions 

Min 

Max 

Min 

Max 

Units 

tDBA 

DIj to Bj/ Bj Propagation 

Active 

BE = LOW 

Test Circuit 


12 


16 


tDBP 

Delay 

Passive 

S = LOW 

#1 


12 


18 

ns 

tCBA 

CP to Bj/Bj Propagation 

Active 

BE = LOW 

Test Circuit 


20 


24 


tCBP 

Delay 

Passive 

S = HIGH 

#1' 


20 


24 

ns 

tPA 

BE to Bj/Bj Propagation 

Active 

DIj = HIGH 

Test Circuit 


17 


22 


tpp 

Delay 

Passive 

S = LOW 

#1 


12 


18 

ns 

ts 

DIj to Clock Setup Time 

' 


7 


7 



tH 

DIj to Clock Hold Time 



3 


4 



ts 

EN to Clock Setup Time 



10 


10 



tH 

to Clock Hold Time 

BE = LOW 


0 


0 


ns 

ts 

Bj/Bj to RLE Setup Time 



7 


7 



tH 

Bj/Bj to RLE Hold Time 



3 


3 



tPLZ^tpHZ 

Se to DOj Disable Time 

Cl = 50 pF 

Test Circuit 
#4 


17 


20 


tPLZ/tpHZ 

Cl = 5pF 

Test Circuit 
#4 


10 


13 

ns 

tpZL 

0E to DOj Enable Time 

Test Circuit 



15 


17 


tpZH 

#4 



15 


17 

ns 

tPLH 

RLE to DOj 

OE = LOW 

Test Circuit 


15 


20 


tPHL 

#4 


20 


24 

ns 

tpRX 

Bj/Bj to DOj 

RLE = HIGH 

OE = LOW 

Test Circuit 
#4 


21 


25 

ns 

tpLH 

BE to DOj Propagation 


RLE = HIGH 

Test Circuits 


32 


42 


tpHL 

Delay 


5e = low 

#1. #4 



ns 

tPLH 

DIj to DOj (Buffer Mode) 

S = LOW 

RLE = HIGH 

OE = LOW 

Test circuits 


30 


40 

ns 

tpHL 

#1. #4 



tpLH 

CP to DOj (Register Mode) 

S = HIGH 

RLE = HIGH 

OE = LOW 

Test Circuits 


35 


44 

ns 

tPHL 

#1, #4 



tpWL 

Clock Pulse Width 

LOW 



10 


10 


ns 

tpWH 

HIGH 



10 


10 


tpWH 

RLE Pulse Width 

HIGH 


13 


13 


ns 

tSKEW 

Propagation Delay Skew 
(tpLH - tpHl) 

Vcc = 5 V 

Cl = 50 pF 
Measurement Vcc/2 

Test Circuit 
#1 


±7 


±10 

ns 
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SWITCHING CHARACTERISTICS (Ta = +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tOBA 

Dlj to Bj/Bj Propagation 

Active 

BE = LOW 

Test Circuit 


7 

10 

ns 

tDBP 

Delay 

Passive 

S = LOW 

#1 


7 

10 

tCBA 

CP to B|/B| Propagation 

Active 

BE = LOW 

Test Circuit 


10.5 

16 

ns 

tCBP 

Delay 

Passive 

S = HIGH 

#1 


13 

16 

tPA 

BE to Bj/Bj Propagation 

Active 

Dlj = HIGH 

Test Circuit 


8.5 

12 

ns 

tpp 

Delay 

Passive 

S = LOW 

#1 


4 

8 

ts 

Dlj to Clock Setup Time 



5 

2.5 



tH 

Dlj to Clock Hold Time 



2 

0 



ts 

EN to Clock Setup Time 

BE = LOW 


8 

,4 


ns 

tH 

EN to Clock Hold Time 


0 

-4 


ts 

Bj/Bj to RLE Setup Time 



5 

2.5 



tH 

Bj/Bj to RLE Hold Time 



2 

0.7 



tpLZ/tpHZ 

OE to DOj Disable Time / 

Cl = 50 pF 

Test Circuit 
#4 



20 

ns 

tPLZ/tpHZ 

Cl = 5 pF 

Test Circuit 
#4 



13 

tpZL 

DE to DOj Enable Time 

Test Circuit 




17 

ns 

tpZH 

#4 




17 

tPLH 

RLE to DOj 

^=LOW 

Test Circuit 


11 

13 


tPHL 

#4 


14 

17 

ns 

tpRX 

Bj/Bj to DOj 

RLE = HIGH 

GE = L0W 

Test Circuit 
#4 


12 

17 

ns 

tpLH 

BE to DOj Propagation 


RLE = HIGH 

Test Circuits 


15 

25 

ns 

tpHL. 

Delay 


De = low 

#1, #4 


tPLH 

Dlj to DOj (Buffer Mode) 

S = LOW 

RLE = HIGH 

Oe = lgw 

Test Circuit 


18 

25 

ns 

tPHL 

#1, #4 


tPLH 

CP to DOj (Register Mode) 

S = HIGH 

RLE = HIGH 

OB = LOW 

Test Circuits 


22 

28 

ns 

tPHL 

#1, #4 


tpWL 

Clock Pulse Width 

LOW 



10 

3 



tpwH 

HIGH 



10 

5 


ns 

tpWH 

RLE Pulse Width 

HIGH 


10 

6 


ns 

tSKEW 

Propagation Delay Skew 
(tpLH-tpHl) 

Vcc = 5V 

Cl “ 50 pF 
Measurement Vcc/2 

Test Circuit 
#1 


+ 1 

±5 , 

ns 


SWITCHING WAVEFORMS 
(1) Dlj to DOi (Buffer Mode) 


RLE - - . .. 4.5V 

B| ■■ . . . — .-.. . . . pV 


8t 

L — 

-'OM- 

; 

- ^ 


-^ 1.5V 

. - Vcc/2 

1 







DO, 


k_ 

_ -f 

i - Vcc/2 

|—*PRX-^ 



[•^‘pfiX-— j 

^ — 1.5V 

_ ^ 

—-IPLH - .. 

1 

--*PHL-- 


WF002090 
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SWITCHING WAVEFORMS (Cont.) 


(5) RLE to DOi 
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Am7960 

Coded Data Transceiver 

_ ADVANCED INFORMATION _ 

DISTINCTIVE CHARACTERISTICS 

• Manchester encoder-decoder transceiver • "Modem-like" controller interface 

• Matched filter receiver • Transmit edge rate control 

• Frequency agile for data rates between 500Kbps and • High impedance interface to coupling transformer 

3Mbps • 2V differential output to 37.5^2 

• 32dB dynamic range (transmit to receive) 

GENERAL DESCRIPTION 

The Am7960 is a combination of a Manchester encoder/ component controls the slew rate of the transmitter, and a 

decoder and a transceiver. It is designed for use in matched filter in the receiver minimizes false starts improv- 

synchronous communications systems which require com- Ing reliability, 

mon mode isolation in point-to-point or common bus * 

architecture. It is frequency agile over the range of 0.5Mbps The Am7960 has a modem-like controller interface which 

to 3Mbps. This 5V device provides 32dB of dynamic range, makes it compatible with nearly every existing synchronous 

and guarantees 2V output into 37.5^ A single external communications controller (USARTs, SCCs, etc). 


BLOCK DIAGRAM 
Am7960 



RELATED PRODUCTS 


Part No. 

Description 

Am7990 

Local Area Network Controller Par Ethernet 

Am7991A 

Serial Interface Adapter 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

Controller Transmit Interface Signals | 


TxC 

0 

Transmit Clock. Transmit Clock is data transmit bit clock. All transmit interface signals are synchronized to this clock. 
This signal is always active. 


TxD 

I 

Transmit Data. Transmit Data is the serial transmit data. 


WfS 

I 

Request to Send. The communication controller indicates that it wishes to transmit data by asserting Request to Send. 
Once started, only negating Request to Send can stop transmission. 


UTS 

0 

Clear to Send. The Am7960 asserts Clear to Send when it can encode and transmit data on the channel. 

Controller Receive Interface Signals | 


RxC 

0 

Receive Clock. Receive Clock is the data receive bit clock. All controller receive interface signals with the exception of 
Advance Carrier Presence are synchronized to this clock. When there is no carrier on the line, this signal is OFF. 


RxD 

0 

Receive Data. Receive Data is the serial receive data. 


AGP 

0 

Advance Carrier Presence. Advance Carrier Presence is asserted whenever the receiver has detected line activity. It 
is negated after there has been no line activity for 2 bit times (quiet line). During transmission Advance Carrier 
Presence is internally negated. This signal is asynchronous with both Transmit Clock and Receive Clock. 


CP 

0 

Carrier Presence. Carrier Presence is asserted after internal clock acquisition and immediately before asserting 
Receive Clock. It is negated after either end of message or quiet line. 


CS 

0 

Carrier Sense. Carrier Sense is asserted immediately before the first receive data bit and negated after either a 
Manchester coding violation or quiet line. v 

Channel Interface Signals | 


TxLo 

TxLi 

0 

Transmit Outputs. The difference between these outputs (TxLq - TxL^) is the channel transmit signal. There are 
provisions for controlling both the transmit slew rate and the short circuit current. 


TVcc 

I 

Transmit Power Supply. The transmitter has a separate power supply input. 


TSRC 

I/O 

Slew Rate Control. This pin is used to control the transmit slew rate with external passive components. 


RxLo 

RxLi 

I 

Receiver Inputs. The difference between these inputs (RxLq - RxLi) is the channel receive signal. 

Global Signals | 


MRST 


Master Reset. Master Reset is an asynchronous transceiver reset. When asserted, all interface signals will be 
inhibited with the exception of Transmit Clock. It has an internal pullup resistor, internal discharge clamp diode, and 
input hysteresis to provide power-dn reset with a single external capacitor to ground. 


MODE 

I 

Mode Control. Mode Control determines if the Am7960 will internally generate and recognize line preamble. When 
LOW, the Mode Control is in Mode 0 and uses preamble. When HIGH, the Mode Control is in Mode 1 and is preamble 
transparent. This input has an internal pullup resistor. 


TEST 

I 

Test Control. Test Control is not a user function. This input is used to functionally test the device. It should always be 
LOW when active. 


Xi 

X 2 


Crystal Oscillator Connections. Xi and X 2 are the Crystal Oscillator Connections. The Am7960 can be either operated 
from a crystal or driven from an external TTL clock. 


< < 

0 0 

I 

Power Supply. Vcci and Vcc2 are 5.0 volt nominal power supply pins. 


GNDi 

GND 2 


Ground Pins. 

detailed description Carrier Presence which will be off for the duration of the 

transmission. In either mode, Clear-To-Send is activated one 
The Am7960 has two operating modes: Mode 0 and Mode 1 . transmit clock cycle before the Am7960 expects transmit data. 

When transmitting, Mode 0 Inserts a 32-bit preamble, Man¬ 
chester encodes the transmit data, and appends End Of RECEIVE 

Message. When receiving. Mode 0 identifies and removes ^^3 ^^^33 3 ^ 3 t ^3 ,^^ 33 . Carrier Pres- 

preamble, decodes the Manchester line data, and removes 3 ^ 33 ^ Carrier Presence, and Carrier Sense. Advance Carrier 

End Of Message. Mode 1 is identical to Mode 0 except Presence indicates that the receiver is detecting line activity. It 

preamble is neither generated on transmit nor detected upon 13 asynchronous with both Transmit Clock and Receive Clock, 

reception; the Coded Data Transceiver simply passes data (bit Advance Carrier Presence is asserted for line signals above 

for bit) onto the media and recovers it at the destination. One ^^e Positive Presence Level or below the Negative Presence 

of these two modes will interface to almost all existing |_ 3 y 3 l iqj. j.^ 31,3 than 40ns. Line signals between the presence 

synchronous controllers. levels or less than 16ns will be rejected. Once asserted, 

Manchester encoding is employed in the Am7960. A 1 bit is Advance Carrier Presence will remain active until line signal is 

encoded as a 0 followed by a 1 ; a 0 bit is a 1 followed by a 0 . absent for 2 bit times (quiet line). 

Line end of message is two consecutive bits of Is. In Mode 0, y^tter the Am7960 has detected an active line, it attempts to 

the preamble will be a Manchester 1 followed by 30 bits of acquire Receive Clock. Clock qualification Is achieved by 

alternating Manchester 0 and 1 bits followed by a final 1. sampling the presence levels. To qualify, a line signal must 

TRANSMIT either be above the Positive Presence Level and then go 

below the Negative Presence'Level or below the Negative 
The Am7960 has a modem-like controller interface. Transmis- Presence Level and then go above the Positive Presence 

Sion is initiated by asserting Request To Send. Once started, Level in ^4 to 1 Va bit times. After this occurs, the next line data 

only negating Request To Send can stop transmission. All transition starts the internal clock recovery circuitry. If line 

receive signals are active with the exception of Advance becomes quiet or End Of Message detected, the clock will not 


04533A 

11-2 Refer to Page 13-1 for Essential Information on Military Devices 



be reacquired until Advance Carrier Presence is OFF and then 
reasserted. 

Active Carrier Presence indicates that the Am7960 has an 
internally acquired clock. Receive Clock will be active whenev¬ 
er Carrier Presence is active. Carrier Presence will remain 
active until either the line is quiet or End Of Message is 
detected. 

Carrier Sense becomes active when the Am7960 intends to 
transmit Receive Data to the controller. Carrier Sense stays 
active until either the line is quiet or an invalid Manchester cell 
is detected. Receive Data is OFF until Carrier Sense becomes 
active and remains active until Carrier Presence becomes 
inactive. 

The Am7960 decodes the line data by sampling the 1/4 and % 
bit intervals with respect to the start of the cell. If these 
samples are opposite, valid Manchester data has been 
decoded. If these samples are the same and the next 1/4 
sample is the same, the receiver has detected End Of 
Message. 


In Mode 0, valid preamble is defined as at least seven receive 
clocks, the last four as decoded Manchester 10 11. Until this 
criteria is met, the Am7960 will continue to hunt for preamble. 

CHANNEL 

The transmitter/receiver interface has been designed to 
provide a high impedance, low capacitance channel interface. 
There are provisions to externally control the transmit short 
circuit current as well as the slew rate of the transmit signals. 
Slew limiting the transmit signal decreases both the effect of 
channel intersymbol interference and the presence of unde¬ 
sired harmonic frequencies. 

The receiver provides a high impedance input over the total 
input operating range. A common mode voltage reference 
minimizes the number of external components needed for use 
with' coupling or isolation transformers. The receiver's high 
input sensitivity and large.dynamic range allows reception of 
both large (near end) and small (far end) signals. Its range also 
allows for operation immediately adjacent to an active trans¬ 
mitter without -overload damage. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.. ..-65®C to h-ISO^C 

Temperature lender Bias.-55®C to +125®C 

Supply Voltage Above Ground Potential.. .-0.5V to +7.0V 

Transmit Supply Current (Max).... 250mA 

Receiver Common Mode Voltage.-0.5V to +5.5V 

Receiver Differential Input Voltage. ..4.5V 

DC Output Current, Into Outputs (Logic Outputs).30mA 

DC Input Voltage (Logic Inputs).-0.5V to +5.5V 

DC Input Current (Logic Inputs).-30mA to + 5.0mA 

Power Dissipation ......1.0W 

Lead Soldering Temperature (10 seconds).300®C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

OPERATING RANGES 

Commercial (C) Devices 

^ Temperature..0°C to +70°C 

Supply Voltage. .+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

DC CHARACTERISTICS over operating range unless otherwise specified 





Name 

Description 


Test Conditions 

Min 

Typ 

Max 

Units 

Controller Interface Signals | 

VOH 

Output HIGH Voltage 

Note 1 

IOH = -1rnA 

2.4 



V 

VOL 

Output LOW Voltage 

Note 1 

Iql = =8mA 



0.5 

V 

VoH 

Output MOS HIGH Voltage 

Note 2 

•oh = -.4mA 

3.9 



V 

VOL 

Output MOS LOW Voltage 

Note 2 

Iql “ 8mA 



0.45 

V 

V|H 

Input HIGH Voltage 

Notes 3, 4 


2.0 



V 

VlL 

Input LOW Voltage 

Notes 3, 4 




0.8 

V 

Vrih 

Reset Input HIGH Voltage 

Note 5 

Vcc = Max 


Vcc/2 


V 

Vril 

Reset Input LOW Voltage 

Note 5 



\ 

0.8 

V 

Vrh 

Reset Input Hysteresis 

Note 5 

Vec = Min 

0.20 



V 

V| 

Input Clamp Voltage 

Notes 3, 4 
and 5 

l|N = -18mA 



-1.2 

V 

IlL 

Input LOW Current 

Notes 3, 4 

V|N = 0.5V 



-500 


Note 5 



-1000 


l|H 

Input HIGH Current 

Notes 3, 4 

V|N = 2.4V 



50 

mA 

Note 5 



50 

l| 

Input HIGH Current 

Notes 3, 4 
and 5 

Vcc = Min, ViN = 5 .5V 



1.0 

mA 

I 9 C 

Short Circuit Current 

Notes 1, 6 

Vcc = Max 

-40 


-120 

mA 

Rrst 

Reset Resistor to Vec 

Note 5 



20 


kO 

Transmit Channel Interface Signals | 

Vt 

Differential Transmit Output Voltage 

Note 7 

Rl = 37.50. 

-2.0 

-2.7 

-3.5 


Vt 

2.0 

2.7 

3.5 

V 

Vos 

Common Mode Transmit Output Voltage 

Note 8 

Rl = 37.50 

1.0 


3.0 


Vos 


V 

Vto 

1Vt|-1Vt 1 Difference in Differential 

Output Voltage 

Note 7 

Rl = 37.50 

-75 


75 

mV 

Voso 

|Vos|-|Vosl Difference in Common Mode 
Output Voltage 

Note 8 

Rl = 37.50 

-75 


75 

mV 

•to 

|It|-|1t| Difference in Output Currents 

Note 9 

Rl = 37.50 

-2 


2 

mA 

lose 

Transmit Output Short Circuit Current 


Vcc = Max 



-250 

mA 

•ox 

Off State Leakage Currents 


Vcc = Max 

Vox = Vcc /2 

-100 


100 

mA 

Cj 

Differential Transmit Input Capacitance 


Transmit OFF 



7 

PF 
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Name 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Receive Channel Interface Signals | 

V|N 

Differential Receiver Input Voltage 

Note 10 


VTMax 



V 

VTMax 

Vth 

Differential Receiver Offset Voltage 

Note 11 


-5 


5 

mV 

VcM 

Gommon Mode Receiver Input Voltage 

Note 12 


1.0 


3.0 

V 

VCPP 

Positive Static Garrier Presence Level 

Note 10 


20 


35 

mV 

VCPN 

Negative Static Garrier Presence Level 

Note 10 


-20 


-35 

mV 

Rr 

Differential Receiver Input Resistance 


Vt<Vin<Vt 

0 < Vcc Max 

20 



kQ. 

Cr 

Differential Receiver Input Gapacitance 


Vt < V|N < Vt 



3 

pF 

Global Signals | 

Rn 

Differential Node Resistance 

Note 13 

Vt < V|N < Vt 

0 < Vcc < Max 

20 

30 


kn 

Gn 

Differential Node Gapacitance 

Note 13 

Vt < ViN < Vt 

0 < Vcc Max 



10 

pF 

Icc 

Power Supply Gurrent 


Vcc = Max 



190 

mA 


Notes: 1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10 . 

11 . 

12 . 

13. 



Output signals AGP, CP, and GTS. 

Output signals TxG, RxG and RxD. 

Inputs TxD and RTS. 

Inputs TEST and MODE. 

Input MRST only. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Vj and V t are the differential output signals TxLq-TxLi depending upon signal polarity. 

Vos and Vos are the average of TxLq and TxL^ depending upon signal polarity. 

\j and It are the transmit output currents. 

V|N is the differential input signal RxLq-RxLi. 

Offsets are for differential input signals (Figure 1). 

VcM is the average RxLq and RxL^. 

Node impedance is with transmitter and receiver connected. 
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SWITCHING TEST CIRCUITS AND SWITCHING TEST WAVEFORMS 

TEST CIRCUIT A. TTL OUTPUTS TEST CIRCUIT B. MOS OUTPUTS 


Vcc Vcc 



Vcc 


Vcc 



Note: Ci includes test fixture capacitance. 


TEST CIRCUIT C= TRANSMITTER OUTPUT TEST CIRCUIT D. TRANSMITTER ASYMMETRY 



SWITCHING TEST WAVEFORMS 

TEST CIRCUIT A. TTL OUTPUTS TEST CIRCUIT C. TRANSMITTER OUTPUT 

Rise and Fall Times 


X 2.0 VOLTS 
0.8 VOLTS 

WF002140 


90% 

WF002150 


TEST CIRCUIT B. MOS OUTPUTS 


Transmit Latency 


X 3.6V = 90% 
0.9V = 10% 


-3.9V 

0.6V 

WF002180 


Va-Vb 


— VcMA 

WF002160 


TEST CIRCUIT D. TRANSMITTER ASYMMETRY 


Common Mode Pulse Width 


Vab 


^^OVOLTS 

WF002220 



WF002170 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

Number 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Transmit Clock 




■L, 



1 

Transmit Clock Period 

Note 2 


330 



ns 

2 

Transmit Clock Width LOW 

Note 2 


45% 


55% 

TxC 

3 

Transmit Clock Width HIGH 

Note 2 


45% 


55% 

TxC 

4 

Transmit Clock Rise Time 

Note 2 

Cl = 50pF 



5 

ns 

5 

Transmit Clock Fall Time 

Note 2 

Cl = 50pF 



5 

ns 

Transmit Controi | 

6 

Setup RtS to r TxC 

Notes 1 and 2 


15 



ns 

7 

Hold RT§ to T TxC 

Notes 1 and 2 


5 



ns 

8 

Minimum Inter-Packet Delay 




3 


TxC 

9 

T TxC to AGP Inhibit 

Notes 1 and 2 


0.3 


0.5 

TxC 

10 

t TxC to ACP Enable 

Notes 1 and 2 


2.3 



TxC 

11 

T TxC to CTS Enable 

Notes 1 and 2 




.35 

TxC 

12 

T TxC to CTS Disable 

Notes 1 and 2 




.35 

TxC 

13 

Setup TxD to T TxC 

Notes 1 and 2 


15 



ns 

14 

Hold TxD to T TxC 

Notes 1 and 2 


5 



ns 

Transmit Latency | 

15 

1 TxC to Encoded Data Line Clock Transition 

Notes 3 and 4 


0.75 


1.0 

TxC 

16 

T TxC to Transmitter Disable 

Notes 3 and 5 


2.25 



TxC 

Receive Clock and Data | 

17 

Receive Clock Period 

Note 2 


92% 


108% 

TxC 

18 

Receive Clock Width LOW 

Note 2 


42% 


58% 

TxC 

19 

Receive Clock Width HIGH 

Note 2 


42% 


58% 

TxC 

20 

Receive Clock Rise Time 

Note 2 

Cl = 50pF 



5 

ns 

21 

Receive Clock Fall Time 

Note 2 

Cl = 50pF 



5 

ns 

22 

r RxC to Valid RxD 

Note 2 


-5 


20 

ns 

23 

Receive Data Rise Time 

Note 2 

Cl = 50pF 



10 

ns 

24 

Receive Data Fall Time 

Note 2 

Cl = 50pF 



10 

ns 

Receive Controi | 

25 

Line Active to ACP Active 

Notes 1 and 6 


0.15 


0.4 

TxC 

26 

Line Quiet to ACP Inactive 

Notes 1 and 7 


2.15 


2.4 

TxC 

27 

ACP Width LOW 

Note 1 


0.1 



TxC 

28 

ACP Width HIGH 

Note 1 


0.1 



TxC 

29 

ACP Active to CP Active 

Notes 1 and 9 


1.5 



TxC 

30 

SP Inactive to ACP Inactive 

Note 1 


0 



ns 

31 

1st Line Data Transition to t RxC 

Notes 2 and 8 


3.5 



TxC 

Notes 2 and 9 


1.0 



32 

CP Active to T RxC 

Notes 1 and 2 


60 



ns 

33 

i RxC to Inactive CP 

Notes 1 and 2 


0 


0.1 

TxC 

34 

CS Active to i RxC 

Notes 1, 2 and 8 


60 



ns 

35 

l RxC to CS Active 

Notes 1, 2 and 9 


0 


0.1 

TxC 

36 

i RxC to CS Inactive 

Notes 1 and 2 


0 


0.1 

TxC 

37 

CP Active to CS Active 

Notes 1 and 9 


7 



RxC 

Channei Transmit Signals | 

38 

Transmit Slew Rate Coefficient 




TBD 



39 

Transmit Rise Time 

Notes 3 and 10 


24% 

30% 

36% 

TxC 

40 

Transmit Fall Time 

Notes 3 and 10 


24% 

30% 

36% 

TxC 

41 

Transmit Common Mode Pulse Width 

Notes 3 and 11 



15 

40 

ns 

42 

Bit Cell Edge to Bit Cell Center 

Note 12 


48% 


52% 

TxC 

43 

Bit Cell Center to Bit Cell Center 

Note 12 


98% 


102 % 

TxC 

44 

Bit Cell Center to Bit Cell Edge 

Note 12 


48% 


52% 

TxC 

45 

Transmit Waveform 

Note 13 


Monotonic 
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Number 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Channel Receive Signals 

46 

Receiver Input Slew Rate 



.2 




47 

Receiver Filtered Positive Line Pulse Width 

Note 14 




16 

ns 

48 

Receiver Positive Line Active Pulse Width 

Note 14 


40 



ns 

49 

Receiver Filter Negative Line Pulse Width 

Note 14 




16 

ns 

50 

Receiver Negative Line Active Pulse Width 

Note 14 


40 




51 

Receiver Timing Displacement Jitter Error 

Note 15 


-7 


7 


52 

Receiver Noise Jitter Error 

Note 15 


-5.5 




53 

Receiver Total Jitter Error 

Note 15 


-12.5 


HQ^I 



Global Signals 


54 

Xtal Frequency 


- 1 

rn 


50 1 


55 

Transmit Frequency Tolerance 



moi 



■■ 

56 

Master Reset Pulse Width 




ESI 


KSli 

57 

Initial Power-On Until Operation 



1 _ 1 


I _ 1 

IIEi 


Notes: 


1. TTL levels. (Test Circuit A). 

2. MOS levels. (Test Circuit B). 

3. Transmit slew rate set nominally at 30% TxC at 1MHz. 

4. Measurements mode with TEST CIRCUIT C at Va-Vb = Vcma i5mV. 

5. Differential output starts to approach 0 volts. 

6 . Line active from differential receive signal has to meet minimum active width timing. 

7. Line inactive is from the last differential signal to meet the minimum active width timing. 

8 . For Mode 1 only. 

9. For Mode 0 only. 

10. Transmit signals measured with TEST CIRCUIT C at Va-Vb = 10% and 90%. 

11. Transmit common mode pulse is measured with TEST CIRCUIT C at Vcm-Vcma above 30mV ±5mV or below -30mV ±5mV 

12. Transmit Skew is measured with TEST CIRCUIT D at ±5mV. 

13. Transmitter shall be monotonic for both rise and fall. 

14. Differential receive signals less than the maximum filtered pulse width are guaranteed to be rejected by the receiver. Differential receive 
signal greater than the minimum active pulse width are guaranteed to turn on the receiver. 

15. The Am7960 receiver jitter is defined as the percentage edge displacement from the ideal transmit signal at the transceiver data bit 
frequency over the period of the transceiver data bit frequency (Figure 2).The jitter has been divided into two areas: characteristic and 
random. Characteristic jitter is edge displacement due to asymmetry and intersymbol interference. Random jitter is gaussion edge 
displacement of mean 0 and sigma at Va the maximum random deviation. 


TRANSMIT MODE 0 
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-Ol) 1st DATA 2nd DATA NEXT TO LAST LAST H I—(12) 
^ DATA BIT DATA BIT L- 


(i3)_,Lr(i4r 


LAST DATA BIT 



2nd DATA BIT NEXT TO LAST 
DATA BIT 
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FIGURE 1. Receiver Thresholds 



WF001580 


Figure 2. Receiver Jitter 



RECEIVER JITTER = tj/tp x 100 


WF001770 
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Am7990* 

Local Area Network Controller for Ethernet (LANCE) 


DISTINCTIVE CHARACTERISTICS 


• Ethernet and IEEE 802.3 compatible 

• Easily interfaced to 8086, 68000, Z8000, LSI-11 micro¬ 
processors 

• On-board DMA and buffer management, 48 byte FIFO 

• 24-bit wide linear addressing (Bus Master Mode) 


• Network and packet error reporting 

• Diagnostic Routines 

- Internal/external loop back 

- CRC logic check 

- Time domain reflectometer 


GENERAL DESCRIPTION 


The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly 
simplify interfacing a microcomputer or minicomputer to an 
Ethernet Local Ared Network. This chip, in conjunction with 
the Am7991A Serial Interface Adapter (SIA) and closely 
coupled local memory and microprocessor, is intended to 


provide the user with a complete interface module for an 
Ethernet network. The Am7990 is designed using a scaled 
N-Channel MOS technology and is compatible with a 
variety of microprocessors. On-board DMA, advanced buff¬ 
er management and extensive error reporting and diagnos¬ 
tics facilitate design and improve system performance. 


BLOCK DIAGRAM 



TX 
TCLK 
- CLSN 
TENA 
RENA 


BD002061 


RELATED PRODUCTS 


Part No. 

Description 

7960 

Coded Data Transceiver 

7991A 

Serial Interface Adapter 

7995 

Ethernet Transceiver 


•December 1983 - See Valid Combinations Note Under Ordering Information 


05698A 
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CONNECTION DIAGRAM 
Top View 

D-48-1 


VfsC 
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2 

47 
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46 
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45 
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ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am7990 D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55^ to +125*^0) 

— Package 

D-48-pin CERDIP (D-48-1) 

Device type 
LANCE 


Valid Combinations 

Am7990 

DC, DCB, DMB 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


* 
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PIN DESCRIPTION 


DALoo” Data/Address Lines (Input/Output 3-State) 

DALi 5 The time multiplexed Address/Data bus. During 
the address portion of a memory transfer, 
DALoo - DALi 5 contains the lower 16 bits of the 
memory address. The upper 8 bits of address 
are contained in A16-A23. 

During the data portion of a memory transfer, 
DALoo “ DALi 5 contains the read or write data, 
depending on the type of transfer. 

The LANCE drives these lines as a Bus Master 
and as a Bus Slave. 

A 16 -A 23 High Order Address Bus (Output 3-State) 

The additional address bits necessary to extend 
the DAL lines to access a 24-bit address. These 
lines are driven as a Bus Master only. 

READ (Input/Output 3-State) 

Indicates the type of operation to be performed 
in the current bus cycle. This signal is an output 
when the LANCE Is a Bus Master. 


Byte selection may also be done using the BYTE 
line and DALoo line, latched during the address 
portion of the bus cycle. The LANCE drives 
BYTE only as a Bus Master and ignores it when 
a Bu s Slave selection is done (similar to BMo, 
BMi). 

Byte selection is done as outlined in the follow¬ 
ing table. 

BYTE DALoo _ 

LOW LOW Whole Word 
LOW HIGH Illegal Condition 
HIGH LOW Lower Byte 
HIGH HIGH Upper Byte 

BUSAKO is a bus request daisy chain output. If 
the ch i p is not re questing the bus and it receives 
HLDA, BUSAKO will be driven low. If the LANCE 
is reques ting the bus when it receives HLDA, 
BUS.AKO will remain high. 

Byte Swapping 


High - Data is taken off the DAL by the chip. 
Low - Data is placed on the DAL by the chip. 

The signal is an input when the LANCE is a Bus 
Slave. 

High - Data is placed on the DAL by the chip. 
Low - Data is taken off the DAL by the chip. 


BMq/ 

BYTE 

BMi/ 

BUSAKO 


I/O pins 15 and 16 are programmable through 
bit ( 00 ) of CSR 3 . 


BMo, BMi 


In an effort to be compatible with the variety of 16-bit 
microprocessors available to the designer, the LANCE may be 
programmed to swap the position^of the upper and lower order 
bytes on data Involved in transfers with the internal FIFO. 

Byte swapping is done when BSWP = 1. The most significant 
byte of the word in this case will appear on DAL lines 7-0 and 
the least significant byte on DAL lines 15-8. 

When BYTE = H (Indicating a byte transfer) the table indicates 
on which part of the 16-bit data bus the actual data will 
appear. 

Whenever byte swap is activated, the only data that is 
swapped is data traveling to and from the FIFO. 


If CSR 3 (00) BOON = 0 
I/O Pin 15 = BMq (Output 3-state) 

I/O PIN 16 = BMi (Output 3-state) 

BMq, BMi (Byte Mask). This indicates the 
byte(s) on the DAL are to be read or written 
during this bus transaction. The LANCE drives 
these lines only as a Bus Master. It Ignores the 
Byte Mask lines when it is a Bus Slave and 
assumes word transfers. 

Byte selection using Byte Mask is done as 
described by the following table. 

BM7 BMj _ 

LOW LOW Whole Word 
LOW HIGH Upper Byte 
HIGH LOW Lower Byte 
HIGH HIGH None 


BYTE, BUSAKO 

If CSR 3 (00) BCON = 1 
I/O PIN 15 = BYTE (Output 3-state) 
I/O PIN 16 = BUSAKO (Output) 


Signal Line 

Mode Bits 

BSWP = 0 
and BCON = 1 

BSWP = 1 
and BCON = 1 

BYTE = L and 
DALoo = L 

Word 

Word 

BYTE = L and 
DALoo = H 

illegal 

Illegal 

BYTE = H and 
DALoo = H 

Upper Byte 

Lower Byte 

BYTE = H and 
DALoo = L 

Lower Byte 

Upper Byte 


CS Chip Select (Input) 

Indicates, when asserted, that the LANCE is the 
slave device of the data transfer. CS must be 
valid throughout the data portion of the b us 
cycle. CS must not be asserted when HLDA Is 
LOW. 
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ADR 


ALE/AS 


DAS 


DALO 


DALI 


HOLD/ 

BUSRQ 


Register Address Port Select (Input) HLDA 

When LANCE is slave, ADR indicates which of 
the two register ports is selected. ADR LOW 
selects register data port; ADR HIGH selects 
register address port, ADR must be valid 

throughout the data portion of the bus cycle and _ 

is only used by the LANCE when CS Is low. INTR 


Address Latch Enable (Output 3-State) 

Used to demultiplex the DAL lines and define the 
address portion of the bus cycle. This I/O pin is 
programmable through bit (01) of CSR 3 . 

As ALE (CSR 3 (01), ACON = 0 ), the signal 
transitions from a HIGH to a LOW during the 
address portion of the transfer and remains low 
during the data portion. ALE can be used by a 
Slave device to control a latch on the bus 
address lines. When ALE is high the latch is 
open and when ALE goes low the latch is 
closed. 

As ^ (CSR 3 (01), ACON = 1 ), the signal pulses 
LOW during the address portion of the bus 
transaction. The low to high transition of AS can 
be used by a slave device to strobe the address 
into a register. 

The LANCE drives the ALE/^ line only as a 
Bus Master. 


RX 

TX 

TENA 


RCLK 


Bus Hold Ack nowled ge (Inp ut) 

A response to HOLD. When HLD A is lo w in 
response to the chip's assertio n of HOLD, the 
chip is the Bus Ma ster. H LDA deasserts upon 
the deassertion of HOLD. 

Interrupt (Output Open Drain) 

An attention signal that indicates, when active, 
that one or more of the following CSRq status 
flags is set: B ABL, MERR, MISS, PINT, TINT or 
IDON. INTR is e nabled by bit 06 of CSRq 
(INEA= 1). INTR remains asserted until the 
source of Interrupt is removed. 

Receive (Input) 

Receive Input Bit Stream. 

Transmit (Output) 

Transmit Output Bit Stream. 

Transmit Enable (Output) 

Transmit Output Bit Stream enable. A level 
asserted with the Transmit Output Bit Stream, 
TX, to enable the external transmit logic. 

Receive Clock (Input) 

A 10MHz square wave synchronized to the 
Receive data and only active while receiving an 
Input Bit Stream. 


Data Strobe (Input/Output 3-State) 

Defin es the data portion of the bus transaction. 
DAS is high during the address portion of a bus 
transaction and low during the data portion. The 
low to high transition can be used by a Slav e 
device to strobe bus data into a register. DAS is 
driven only as a Bus Master. 


Collision (input) 

A logical input that indicates that a collision is 
occurring on the channel. 

Receive Enable (Input) 

A logical input that indicates the presence of 
carrier on the channel. 


Data/Address Line Out (Output 3-S tate) 

An external bus transceiver control line. DALO is 
assert ed when the LANCE drives the DAL lines. 
DALO will be low only during the address portion 
if the transfer is a READ. It will be low for the 
entire transfer if the transfer is a WRITE. DALO 
is driven only when LANCE is a Bus Master. 

Data/Address Line in (Output 3-State)_ 

An external bus transceiver control line. DALI is 
asserted when the LANCE reads from the DAL 
lines. It will be low during the data portion of a 
READ transfer, and re main high for the entire 
transfer if it is a WRITE. DALI is driven only when 
LANCE is a Bus Master. 

Bus Hold Request (Output Open Drain) 

Asserted by the LA NCE when it requires access 
to memory. HOLD i§ held LOW for the entire 
ensuing bus transaction. The function of this pin 
is programmed through bit (00) of CSR 3 . Bit ( 00 ) 
of CSR 3 is cleared when RESET is asserted. 

When CSR 3 (00) BCON = 0 


TCLK Transmit Clock (Input) 

10MHz clock. 


READY 


RESET 


(Input/Output Open Drain) 

When the LANCE is a Bus Master, READY is an 
asynchronous acknowledgement from the bus 
memory that it will accept data in a WRITE cycle 
or that it has put data on the DAL lines in a 
READ cycle. 

As a Bus Slave, the LANCE asserts READY 
when it has put data on the DAL lines during a 
READ cycle or is about to take data off the DAL 
lin es du ring a write cycle. READ Y is a response 
to DAS and will return HIGH after DAS has gone 
HIGH. READY is an input when the LANCE is a 
Bus Master and an output when the LANCE is a 
Bus Slave. 


(input) 

Bus Reset Signal. Causes the LANCE to cease 
operation, clears its internal logic, and enter an 
idle state. The stop bit in CSRq is also set. 



I/O pin 17 = HOLD (Output Open Drain) Vcc 


Power supply pin +5 volts ±5%. 


When CSR 3 (00) BCON = 1 
I/O pin 17 = BUSRQ (Output Open Drain) 

BUSRQ will be asserted only if I/O pin 17 is high 
prior to assertion. 


Ground. Pins 1 and 24 should be connected 
together externally, as close to the chip as 
possible. 
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PRODUCT OVERVIEW microprocessors. A programmable mode of operation allows 

byte addressing in one of two ways: A Byte/Word control 
The parallel interface of the Local Area Network Controller for signal compatible with the 8086 and Z8000, or an Upper Data 

Ethernet (LANCE) has been designed to be "friendly" or easy Strobe and Lower Data Strobe signal compatible with micro- 

to interface to a variety of popular 16-bit microprocessors. processors such as the 68000. A programmable polarity on 

These microprocessors include the following: Z8000, 8086, the Address Strobe signal eliminates the need for external 

68000 and LSI-11. The LANCE has a 24-bit wide linear logic. The LANCE Interfaces with both multiplexed and demul- 

address space when It is in the Bus Master Mode allowing It to tiplexed data busses and features control signals for address/ 

DMA directly into the entire address space of the above data bus transceivers. 

Figure 1. LANCE/CPU interfacing 
a. Multiplexed Bus 


kd&r*** Address Bits 
BitsO'IS 16-23 Control 



DF000390 


b. Demultiplexed Bus 
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During initialization, the CPU loads the starting address of the 
initialization block into two internal control registers. The 
LANCE has four internal control and status registers (CSRq, i, 
2 , 3 ) which are used for various functions such as the loading 
of the initialization block address, different programming 
modes and status conditions. The host processor communi¬ 
cates with the LANCE during the initialization phase—for 
demand transmission and periodically to read the status bits 
following interrupts. All other transfers to and from the memory 
are handled as DMA under microword control. 

Interrupts to the microprocessor are generated by the LANCE 
upon; 1 ) completion of its initialization routine, 2 ) the reception 
of a packet, 3) the transmission of a packet, 4) transmitter 
timeout error, 5) a missed packet and 6 ) memory error. 

The cause of the interrupt is ascertained by reading CSRq. Bit 
(06) of CSRq, (INEA) enables or disables interrupts to the 
microprocessor. In systems where polling is used in place of 
interrupts, bit (07) of CSRq (INTR) indicates an interrupt 
condition. 

The basic operation of the LANCE consists of two distinct 
modes: transmit and receive. In the transmit mode, the LANCE 
chip directly accesses data (in a transmit buffer) in memory. It 
prefaces the data with a preamble, sync pattern, and calcu¬ 
lates and appends a 32-blt CRC. This packet is then ready for 
transmission to the Am7991A SIA. On transmission, the first 
byte of data loads into the 48-byte FIFO. The LANCE then 
begins to transmit preamble while simultaneously loading the 
rest of the packet into FIFO for transmission. 

In the receive mode, packets are sent via the SIA to the 
LANCE. The packets are loaded into the 48-byte FIFO for 
preparation of automatic downloading into buffer memory. A 
CRC is calculated and compared with the CRC appended to 
the data packet. If the calculated CRC checksum doesn't 
agree with the packet CRC, an error bit is set. 

DETAILED DESCRIPTION 

ADDRESSING 

Packets can tfe received using 3 different destination address¬ 
ing schemes; physical, logical and promiscuous. 

The first type is a full comparison of the 48-bit destination 
address in the packet with the node address that was 
programmed into the LANCE during an initialization cycle. 
There are two types of logical address. One is group type 
mask where the 48-bit address in the packet is put through a 
hash filter in order to map the 48-bit physical addresses into 1 
of 64 logical groups. If any of these 64 groups have been 
preselected as the logical address, then the 48-bit address Is 
stored in main memory. At this time, a look up is performed 
comparing the 48-bit incoming address with the pre-stored 48- 
bit logical address. The mode can be useful if sending packets 
to all of a particular type of device simultaneously (i.e., send a 
packet to all file servers or all printer servers). Additional 
details on logical addressing can be found in the INITIALIZA¬ 
TION section under "Logical Address Filter." The second 
logical address is a broadcast address where all nodes on the 


network receive the packet. The last receive mode of opera¬ 
tion is the so-called "promiscuous mode" in which a node will 
accept all packets on the coax regardless of their destination 
address. 

COLLISION DETECTION AND IMPLEMENTATION 

The Ethernet CSMA/CD network access algorithm is imple¬ 
mented completely within the LANCE. In addition to listening 
for a clear coax before transmitting, Ethernet handles colli¬ 
sions in a predetermined way. Should two transmitters attempt 
to seize the coax at the same time, they will collide and the 
data on the coax will be garbled. The transmitting nodes listen 
while they transmit, detect the collision, then continue to 
transmit for a predetermined length of time to "jam" the 
network and ensure that all nodes have recognized the 
collision. The transmitting nodes then delay a random amount 
of time according to the Ethernet "truncated binary backoff" 
algorithm in order that the colliding nodes don't try to 
repeatedly access the network at the same time. Up to 16 
attempts to access the network are made by the LANCE 
before reporting back an error due to excessive collisions. 

ERROR REPORTING AND DIAGNOSTICS 

Extensive error reporting is provided by the LANCE. Error 
conditions reported relate either to the network as a whole or 
to data packets. Network-related errors are recorded as flags 
in the CSRs and are examined by the CPU following interrupt. 
Packet-related errors are written into descriptor entries corre¬ 
sponding to the packet. 

System errors include: 

• Babbling Transmitter 

- Transmitter attempting to transmit more than 1518 
data bytes. 

• Collision 

- Collision detection circuitry nonfunctional 

• Missed packet 

- Insufficient buffer space 

• Memory timeout 

- Memory response failure 

Packet-related errors: 

• CRC 

- Invalid data ; 

• Framing 

- Packet did not end on a byte boundary 

• Overflow/Underflow 

- Indicates abnormal latency In servicing a DMA re¬ 
quest 

• Buffer 

- Insufficient buffer space available 

The LANCE performs several diagnostic routines which en¬ 
hance the reliability and integrity of the system. These include 
a CRC logic check and two loop back modes (internal/ 
external). Errors may be introduced into the system to check 
error detection logic. A Time Domain Reflectometer is incorpo¬ 
rated into the LANCE to aid system designers locate faults In 
the Ethernet cable. Shorts and opens manifest themselves in 
reflections which are sensed by the TDR. 


» 
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Figure 2. LANCE/Processor Memory Interface 


Start Address of Transmitter Descriptor Ring 
Start Address of Receiver Descriptor Ring . 

_ Physical Address _ 

Logical Address Filter 
Mode of Operation 

WMWM///MW/. 

Transmit Descriptor for 1st Data Buffer 
Transmit Descriptor for 2nd Data Buffer 
Transmit Descriptor for 3rd Data Buffer 


Transmit Descriptor for Nth Data Buffer 

Receiver Descriptor for 1st Data Buffer 
Receiver Descriptor for 2nd Data Buffer 
Receiver Descriptor for 3rd Data Buffer 


Receiver Descriptor for Nth Data Buffer 


Transmit Data Buffer # l 


Transmit Data Buffer #2 


Transmit Data Buffer #3 


Transmit Data Buffer #N 


Receiver Data Buffer # 1 


Receiver Data Buffer #2 
Receiver Data Buffer #3 


Receiver Data Buffer #N 




BUFFER MANAGEMENT 

A key feature of the LANCE and its on-bdard DMA channel is 
the flexibility and speed of communication between the 
LANCE and the host microprocessor through common memo¬ 
ry locations. The basic organization of the buffer management 
is a circular queue of tasks in memory called descriptor rings, 
as shown in Figure 2, There are separate descriptor rings to 
describe transmit and receive operations. Up to 128 tasks may 
be queued up on a descriptor ring awaiting execution by the 
LANCE. Each entry in a descriptor ring holds a pointer to a 
data memory buffer and an entry for the length of the data 
buffer. Data buffers can be chained or cascaded in order to 
handle a long packet in multiple data buffer areas. The LANCE 
searches the descriptor rings in a "look ahead manner" to 
determine the next empty buffer in order to chain buffers 
together or to handle back-to-back packets. As each buffer is 
filled, an "own" bit is reset, allowing the host processor to 
process the data in the buffer. 

LANCE INTERFACE 

CSR bits such as ACON, BCON and BSWP are used for 
programming the pin functions used for different Interfacing 


schemes. For example, ACON is used to program the polarity 
of the Address Strobe signal (ALE/AS). 

BCON Is u sed for programming the pins, for handling either 
the BYTE/WORD method, for addressing word organized; 
byte addressable memories where the BYTE signal is de¬ 
coded along with the least significant address bit to determine 
upper or lower byte, or an explicit scheme in which two signals 
labeled as BYTE MASK (BMq and BMi) indicate which byte is 
addressed. When the BYTE scheme is chosen, the BMi pin 
can be used for performing the function BUSAKO. 

BCON is also used to program pins for different DMA modes. 
In a d ai sy chain DMA scheme, 3 signals are used (BUSRQ, 
HLDA, BUSAK O). In syste ms us ing a DMA controller for 
arbitration, only HOLD and HLDA are used. 

All data transf ers fro m th e LANC E in the Bus Master mode are 
timed by ALE, DAS, and READY . The automatic adjustment of 
the LANCE cycle by the READY signal allows synchronization 
with variable cycle time memory due either to memory refresh 
or to dual port access. Bus cycles are a minimum of 600ns in 
length and can be increased in 100 ns increments. 
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BUS SLAVE READ TIMING 



Note: 1. There are two types of delays which depend on which internal register is accessed. 
Type 1 refers to access of CSRq, CSR 3 and RAP. 

Type 2 refers to access of CSR^ and CSR 2 which are longer than Type 1 delay. 


READ SEQUENCE 

The read cycle is begun by valid addresses being placed on 
DAL 00 -DAL 15 and Ai 6 -A 23 . The BYTE MASK signals are 
placed valid to indicate a word, upper byte or lower byte 
memory reference. READ indicates the type of cycle. ALE or 
are pulsed, and the trailing edge of either can be used to 
latch addresses. DAL 00 -DAL 15 go Into a 3-state mode and 
DAS falls low to signal the beginning of the memory access. 
The memory responds by placing READY low to indicate that 
the DAL lines have valid data. The LANCE then latches 
memory data on the rising ed ge of DAS, which in turn ends the 
memory cycle and READY returns to high. 


The bus transceiver controls, DALI and DALO, are used to 
control the bus transceiv ers. D ALI signals to strobe data 
toward the LANCE, and DALO signals to strobe d ata or 
addresses away fro m the LANCE. During a read cycle, DALO 
goes Inactive before DALI becomes active to avoid "spiking" 
of the bus transceivers. 

WRITE SEQUENCE 

The write cycle is very similar except that the DAL 00 -DAL 15 
lines change from containing addresses to data after ALE or 
JS go inactive. After data Is valid on t he bu s DAS goes active. 
Data to memory is held valid after DAS goes inactive. 


* 
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BUS MASTER TIMING 



Q iO 100 ISO 200 2S0 300 3S0 400 4S0 &00 



WF001621 


Notes: 1. Tcycle 'S the minimum transfer cycle and takes 600ns. Using READY it is possible to extend it 
in multiples of 100ns. 

2. The READY setup time before negation of DAS is a function of the synchronization time of 

READY. This is a critical parameter. The synchronization must occur within two internal clock ticks: 
100ns. Therefore, the setup time will be 100ns plus the accumulated propagation delays, and the 
ready slips will occur on 100ns increments. 
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BUS ACQUISITION TIMING 



Note: 1. RESET is an asynchronous input to the LANCE and is not part of the Bus Acquisition timing. 
When RESET is asserted, the LANCE becomes a Bus Slave. 


DIFFERENCES BETWEEN ETHERNET 
VERSIONS 1 AND 2 

a. Version 2 specifies that the collision detect of the transceiv¬ 
er must be activated during the interpacket gap time. 

b. Version 2 specifies some network management functions, 
such as reporting the occurrence of collisions, retries and 
deferrals. 

c. Version 2 specifies that when transmission is terminated, 
the differential transmit lines are driven OV diff. (half step). 

DIFFERENCES BETWEEN IEEE 802.3 AND 
ETHERNET 

a. 802 specifies a 2-byte length field rather than a type field. 
The length field (802) describes the actual amount of data in 
the frame. 

b. 802 allows the use of a PAD field in the data section of a 
frame, while Ethernet specifies the minimum packet size at 
64 bytes. The use of a PAD allows the user to send and 
receive packets which have less than 46 bytes of data. 

Differences between Ethernet and 802 at the physical layer 

Include the following: 



802 

Ethernet 

End of Transmis¬ 
sion State 

Half Step 

High State (Rev 1) 
or Half Step 

Common Mode 
Voltage 

±5.5V 

0 - +5V 

Common Mode 
Current 

Less than 
1mA 

1.6mA±40% 

Input Threshold 

±160mV 

±175mV 

Fault Protection 

16V 

OV 


PROGRAMMING SPECIFICATION 

This section defines the control and Status Registers and the 
memory data structures required to program the Am7990 
(LANCE). 


PROGRAMMING THE Am7990 (LANCE) 

The Am7990 (LANGE) is designed to operate in an environ¬ 
ment that includes close coupling with a local memory and a 
microprocessor (HOST). The Am7990 LANCE is programmed 
by a combination of registers and data structures resident 
within the chip and in memory. There are four Control and 
Status Registers (CSRs) within the chip which are pro¬ 
grammed by the HOST device. Once enabled, the chip has the 
ability to access memory locations to acquire additional 
operating parameters. 

The Am7990 has the ability to do independent buffer manage¬ 
ment as well as transfer data packets to and from the Ethernet. 
There are three memory structures accessed by the Chip: 

1. Initialization Block -12 words in contiguous memory starting 
on a word boundary. It also contains the operating parame¬ 
ters necessary for device operation. The Initialization block 
is comprised of: 

• Mode of Operation 

• Physical Address 

• Logical Address Mask 

• Location to Receive and Transmit Descriptor Rings 

• Number of Entries in Receive and Transmit 
Descriptor Rings 

2. Receive and Transmit Descriptor Rings-Two ring struc¬ 
tures, one each for incoming and outgoing packets. Each 
entry in the rings is 4 words long and each entry must start 
on a quadword boundary. The Descriptor Rings are com¬ 
prised of: 

• The address of a data buffer. 

• The length of that data buffer. 

• Status information associated with the buffer. 

3. Data Buffers - Contiguous portions of memory reserved for 
packet buffering. Data buffers may begin on arbitrary byte 
boundaries. 

In general, the programming sequence of the chip may be 
summarized as: 

1. Programming the chip's CSRs by a host device to locate an 
initialization block in memory. The byte control, byte addressing, 
and address latch enable modes are defined here also. 

2. The chip loads itself with the information contained within 
the initialization block. 

3. The chip accesses the descriptor rings for packet handling. 
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CONTROL AND STATUS REGISTERS 

There are four Control and Status Registers (CSRs) resident 
within the chip. The CSRs are accessed through two bus 
addressable ports, an address port (RAP) and a data port 
(RDP). 

ACCESSING THE CONTROL AND STATUS 
REGISTERS 

The CSRs are read (or written) in a two step operation. The 
address of the CSR to be accessed is written into the address 
port (RAP) during a bus slave transaction. During a subse¬ 
quent bus slave transaction, the data being read from (or 
written into) the data port (RDP) is read from (or written into) 
the CSR selected in the RAP. 


Bit 

Name 

Description 

15:02 

RES 

Reserved and read as zeroes. 

01:00 

CSR(1:0) 

CSR address 

select. READ/ 



WRITE. Selects the CSR to be 



accessed through the RDP. RAP 



is cleared by Bus RESET. 



CSR(1:0) 

CSR 



00 

CSRo 



01 

CSRi 



10 

CSR 2 



11 

CSRa 


CONTROL AND STATUS REGISTER 
DEFINITION 


Once written, the address in RAP remains unchanged until 
rewritten. 


To distinguish the data port from the address port, a discrete 
I/O pin is provided. 


ADR i/0 Pin 

Port 

L 

Register Data Port (RDP) 

H 

Register Address Port (RAP) 


Register Data Port (RDP) 

15___® 

I CSR DATA I 


AF001450 


Bit 

Name 

Description 

15:00 

CSR Data 

Writing data into RDP writes the 
data Into the CSR selected In 
RAP. Reading the data from the 
RDP reads the data from the CSR 
selected in RAP. CSRi, CSR 2 
and CSR 3 are accessible only 
when the STOP bit of CSRq Is 
set. 

If the STOP bit is not set while 
attempting to access CSRi, 
CSR 2 or CSR 3 , the chip will 
return READY, but a READ 
operation will return undefined 
data. WRITE operation is Ignored. 


Register Address Port (RAP) 


^-CSR 1:0 


AF001490 


Control and Status Register 0 (CSRq) 

15_ 0 



BABL-1 








■ 


^.. STRT 

MISS- 

- TDMD 

MERR 

RINT - 

- TXON 

-RXON 

•nNT- 

L-INEA 

-::-intr 


AF000860 

The LANCE updates CSRq by logical 
"ORING" the previous and present value of 
CSRq. 

Bit Name Description 

15 ERR ERROR summary is set by the 

"OR" of BABL, CERR, MISS and 
MERR. ERR remains set as long 
as any of the error flags are true. 

ERR is read only; writing it has no 
effect. It Is cleared by Bus 
RESET, by setting the STOP bit, 
or clearing the individual error 
flags. 

14 BABL BABBLE is a transmitter timeout 

error. It indicates that the 
transmitter has been oh the 
channel longer than the time 
required to send the maximum 
length packet. 

BABL Is a flag which indicates 
excessive length In the transmit 
buffer. It will be set after 1519 
data bytes have been 
transmitted; the chip will continue 
to transmit until the whole packet 
Is transmitted or there is a failure. 
When BABL error occurs, an 
interrupt will be generated if 
INEA=1. 


BABL Is READ/CLEAR ONLY 
and is set by the chip, and 
cleared by writing a " 1 " into the 
bit. Writing a "0" has no effect. It 
is cleared by RESET or by setting 
the STOP bit. 
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Bit Name Description 

13 CERR COLLISION ERROR indicates 

that the collision input to the chip 

failed to activate within 2ns after 
. a chip-initiated transmission was 
Completed. The collision after 
transmission is a transceiver test 
feature.This function is also 
known as heartbeat. 

CERR is READ/CLEAR ONLY 
and is set by the chip and cleared 
by writing a "1" into the bit. 
Writing a " 0" has no effect. It Is 
cleared by RESET or by setting 
the STOP bit. 

12 MISS MISSED PACKET Is set when the 

receiver loses a packet because 
it does not own a receive buffer 
and the silo has overflowed, 
Indicating loss of data. MISS is 
not valid in internal loopback 
mode. 

Silo overflow is not reported 
because there is no receive ring 
entry in which to write status. 

When MISS is set, an interrupt 
will be generated if INEA = 1. 

MISS is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a "V Into the bit. 
Writing a "0" has no effect It is 
cleared by RESET or by setting 

the STOP bit. 

11 MERR MEMORY ERROR Is set when 

the chip is the B us Mast er and 
has not received READY within 
25.6ps after asserting the 
address on the DAL lines. 

When a Memory Error is 
detected, the receiver and 
transmitter are turned off and an 
interrupt is generated if INEA = 1. 

MERR is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a "1” into the bit. 
Writing a "0" has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 

10 RINT RECEIN/ER INTERRUPT is set 

when the chip updates an entry in 
the Receive Descriptor Ring for 
the last buffer received before fall 
of carrier. 

When RINT is set, an interrupt is 
generated if INEA = 1. 

RINT is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a "1" into the bit. 
Writing a "0” has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 


Bit 

09 


08 


07 


06 


Name Description 

TINT TRANSMITTER INTERRUPT is 

set when the chip updates an 
entry in the transmit descriptor 
ring for the last buffer sent before 
the end of transmission. 

When TINT is set, an interrupt is 
generated if INEA = 1. 

TINT is READ/CLEAR ONLY and 
is set by the chip and cleared by 
writing a ”1" Into the bit. Writing a 
"0" has no effect. It is cleared by 
RESET or by setting the STOP 
bit. 

IDON INITIALIZATION DONE indicates 
that the chip has completed the 
initialization procedure started by 
setting the INIT bit. When IDON is 
set, the chip has read the 
Initialization Block from memory 
and stored the new parameters. 

When IDON is set, an interrupt is 
generated if INEA = 1. 

IDON is READ/CLEAR ONLY, 
and is set by the chip and cleared 
by writing a "1" into the bit. 
Writing a " 0" has no effect. It is 
cleared by RESET or by setting 
the STOP bit. 

INTR INTERRUPT FLAG is set by the 
"OR" of BABL, MISS, MERR, 
RINT, TINT and IDON. If 
INEA = 1 and INTR = 1, the INTR 
I/O pin will be low. 

INTR is READ ONLY; writing this 
bit has no effect. INTR is cleared 
by RESET, by setting the STOP 
bit, or by clearing the condition 
causing the interrupt. 

INEA INTERRUPT ENABLE allows the 
INTR I/O pin to be driven low 
when the Interrupt Flag is set. If 
INEA = 1 and INTR = 1, the INTR 
I/O pin will be low. If INEA = 0, 
the INTR I/O pin will be high, 
regardless of the state of the 
Interrupt Flag. 

INEA is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit. 
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Bit Name Description 

05 RXON RECEIVER ON indicates that the 

receiver is enabled. RXON Is set 
when STRT is set if DRX = 0 in 
the MODE register in the 
initialization block and the 
initialization block has been read 
by the chip by setting the IN IT bit. 
RXON is cleared when I DON Is 
set from setting the INIT bit and 
DRX = 1 in the MODE register, or 
a memory error (MERR) has 
occurred. RXON is READ ONLY; 
writing this bit ha s no e ffect. 
RXON Is cleared by RESET or by 
setting the STOP bit. 

04 TXON TRANSMITTER ON indicates 

that the transmitter is enabled. 
TXON is set when STRT is set if 
DTX = 0 in the MODE register in 
the initialization block and the 
INIT bit has been set. TXON is 
cleared when I DON is set and 
DTX = 1 In the MODE register or 
an error, such as MERR, UFLO or 
BUFF, has occurred during 
transmission. 

TXON is READ ONLY; writing this 
bit has no effect. TXON is cleared 
by RESET or by setting the STOP 
bit. 

03 TDMD TRANSMIT DEMAND—when 

set—causes the chip to access 
the Transmit Descriptor Ring 
without waiting for the polltime 
interval to elapse. TDMD need 
not be set to transmit a packet; it 
merely hastens the chip's 
response to a Transmit 
Descriptor Ring entry insertion by 
the host. 

TDMD is WRITE WITH ONE 
ONLY and is cleared by the 
microcode after it is used. It may 
read as a "1" for a short time 
after it is written because the 
microcode may have been busy 
when TDM D was set. It is also 
cleared by RESET or by setting 
the STOP bit. Writing a "0” In this 
bit has no effect. 

02 STOP STOP disables the chip from all 

external activity when set and 
clears the Internal logic. Setting 
STOP is the equivalent of 
asserting RESET. The chip 
remains inactive and STOP 
remains set until the STRT or 
INIT bit is set. If STRT, INIT and 
STOP are all set together, STOP 
will override the other bits and 
only STOP will be set. 


Bit Name Description 

STOP is READ/WRITE WITH 
ONE ONLY and set by RESET. 
I Writing a "0" to this bit has no 

effect. STOP is cleared by setting 
either INIT or STRT. 

01 STRT START enables the chip to send 

and receive packets, perform 
direct memory access, and do 
buffer management. STOP bit 
must be set prior to setting the 
STRT bit. Setting STRT clears 
the STOP bit. 

If STRT and INIT are set 
together, the INIT function will be 
executed first. 

STRT is READ/WRITE WITH 
ONE ONLY. Writing a "O” into 
this bit ha s no eff ect. STRT is 
cleared by RESET or by setting 
the STOP bit. 

00 INIT INITIALIZE, when set, causes the 

chip to begin the Initialization 
procedure and access the 
Initialization Block. STOP bit must 
be set prior to setting the INIT bit. 
Setting INIT clears the STOP bit. 

If STRT and INIT are set 
together, the INIT function will be 
executed first. INIT is READ/ 
WRITE WITH "1” ONLY. Writing 
) a "0" into this bit has no effect. 

INIT is cleared by RESET or by 
setting the STOP bit. 

Control and Status Register 1 (CSRi) 

RAP = 1 

READ/WRITE : Accessible only when the STOP bit of CSRq is 
a ONE. CSR-j is unaffected by RESET. 


15 to 



lADR (15:01) 
AF000970 


Bit Name Description 

15:01 lADR The low order 16 bits of the 

address of the first word (lowest 
address) in the Initialization 
Block. 

00 Must be zero. 

Control and Status Register 2 (CSR 2 ) 

RAP = 2 

READ/WRITE : Accessible only when the STOP b it of CSR q is 
a ONE. CSR 2 is unaffected by RESET. 
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8 7 0 


'--lAOR (23:16) 

L. .. .RES 

AF000920 

Bit Name Description 

15:08 RES Reserved. 

07:00 I ADR The high order 8 bits of the ad¬ 

dress of the first word (lowest 
address) in the Initialization 
Block. 

Control and Status Register 3 (CSR 3 ) 

CSR 3 allows redefinition of the Bus Master interface. 


00 BOON BYTE CONTROL redefines the 

Byte Mask and Hold I/O pins. 
BOON is READ/ WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRq. 

I/O Pin I/O Pin I/O Pin 
BCON 16 15 17 

0 BMi BMo HOLD 
1 BUSAKO BYTE BUSRQ 

All data transfers from the LANCE in the Bus Master mode are 
in words. However, the LANCE can handle odd address 
boundaries jand/or packets with an odd number of bytes. 

INITIALIZATION 

INITIALIZATION BLOCK 


RAP = 3 

READ/WRITE: Accessible only when the STOP b it of CSRq is 
ONE. CSR 3 is cleared by RESET or by setting 
the STOP bit in CSRq. 


15 3 2 1 0 


T BCON 

- ACON 


-RES 

AF000900 


Bit Name Description 

15:03 RES Reserved and read as "0”. 

02 BSWP BYTE SWAP allows the chip to 

operate in systems that consider 
bits (15:08) to be the least signifi¬ 
cant byte and bits (07:00) to be 
the most significant byte. 

When BSWP = 1 , the chip will 
swap the high and low bytes on 
DMA data transfers between the 
silo and bus memory. Only data 
from silo transfers is swapped; 
the Initialization Block data and 
the Descriptor Ring entries are 
NOT swapped. 

BSWP Is READ/ WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRq. 

01 ACON ALE CONTROL defines the as¬ 

sertive state of ALE when the 
chip is a Bus Master. ACON is 
READ/WRITE and cleared by 
RE^ET and by setting the STOP 
bit in CSRq. 

ACON ALE 

0 Asserted High 

1 Asserted Low 


Chip initialization includes the reading of the initialization block 
in memory to obtain the operating parameters. The following is 
a definition of the Initialization Block. 


The iniiiaiizaiion Block is read by the chip when the INIT bit in 
CSRq is set. The INIT bit should be set before or concurrent 
with the STRT bit to Insure proper parameter initialization and 
chip operation. After the chip has read the Initialization Block, 
IDON Is set in CSRq and an interrupt is generated if INEA = 1 . 


Higher Addresses 


/ 


Base Address of Block 


TLEN-TDRA (23:16) 

lADR +22 

TDRA (15:00) 

lADR +20 

RLEN-RDRA (23:16) 

lADR +18 

RDRA (15:00) 

lADR +6 

LADRF (63:48) 

lADR +14 

LADRF (47:32) 

lADR +12 

LADRF (31:16) 

lADR +10 

LADRF (15:00) 

lADR +08 

PADR (47:32) 

lADR +06 

PADR (31:16) 

lADR +04 

PADR (15:00) 

lADR +02 

MODE 

lADR +00 


Mode 


The Mode Register allows alteration of the chip's operating 
parameters. Normal operation Is with the Mode Register clear. 

15 14 76543210 



Bit Name Description 

15 PROM PROMISCUOUS mode. When 

PROM = 1 , all incoming packets 
are accepted. 


14:07 RES RESERVED 
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Bit Name Description 

06 INTL INTERNAL LOOPBACK Is used 

with the LOOP bit to determine 
where the loopback is to be done. 
Internal loopback allows the chip 
to receive its own transmitted 
packet. Since this represents full 
duplex operation, the packet size 
is limited to 32 bytes. 

EXTERNAL LOOPBACK allows 
the LANCE to transmit a packet 
through the SIA transceiver cable 
out to the Ethernet coax. It Is 
used to determine the operability 
of all circuitry and connections 
between the LANCE and the co¬ 
axial cable. 

INTL is only valid if LOOP = 1; 
otherwise it is ignored. 

LOOP INTL LOOPBACK 
0 X No loopback, normal 

1 0 External 

1 1 Internal 

05 DRTY DISABLE RETRY. When 

DRTY = 1, the chip will attempt 
only one transmission of a pack¬ 
et. If there is a collision on the 
first transmission attempt, a Retry 
Error (RTRY) will be reported In 
Transmit Message Descriptor 3 
(TMD 3 ). 

04 COLL FORCE COLLISION. This bit al¬ 

lows the collision logic to be test¬ 
ed. The chip must be in internal 
loopback mode for COLL to be 
valid. If COLL = 1, a collision will 
be forced during the subsequent 
transmission attempt. This will re¬ 
sult in 16 total transmission at¬ 
tempts with a retry error reported 
in TMD 3 . 

03 DTCR DISABLE TRANSMIT CRC. 

When DTCR = 0, the transmitter 
will generate and append a CRC 
to the transmitted packet. When 
DTCR = 1 , the CRC logic is allo¬ 
cated to the receiver and no CRC 
is generated and sent with the 
transmitted packet. 

During loopback, DTCR = 0 will 
cause a CRC to be generated on 
the transmitted packet, but no 
CRC check will be done by the 
receiver since the CRC logic is 
shared and cannot generate and 
check CRC at the same time. The 
generated CRC will be written 
into memory with the data and 
can be checked by the host soft¬ 
ware. 


Bit Name Description 

If DTCR = 1 during loopback, the 
host software must append a 
CRC value to the transmit data. 
The receiver will check the CRC 
on the received data and report 
any errors. Since the CRC gener¬ 
ator is used to generate the hash 
filter, the multicast addressing 
cannot be used when DTCR = 1. 

02 LOOP LOOPBACK allows the chip to 

operate in full duplex mode for 
test purposes. The maximum 
packet size is 8-32 bytes.The 
received packet can be up to 36 
bytes (32 + 4 bytes CRC) when 
DTCR=0. During loopback, runt 
packet filter is disabled because 
the maximum packet Is forced to 
be smaller than the minimum size 
Ethernet packet (64 bytes). 

LOOP = 1 allows simultaneous 
transmission and reception for a 
message constrained to fit within 
the silo. The chip waits until the 
entire message is in the silo be¬ 
fore serial transmission begins. 
The incoming data stream fills the 
silo from behind as it is being 
emptied. Moving the received 
message out of the silo to memo¬ 
ry does not begin until reception 
has ceased. 

In loopback mode, transmit data 
chaining is not possible. Receive 
data chaining is possible if re¬ 
ceive buffers are 32 bytes long to 
allow time for lookahead. 

01 DTX DISABLE THE TRANSMITTER 

causes the chip to not access the 
Transmitter Descriptor Ring and 
therefore no transmissions are 
attempted. DTX = 1 will clear the 
TXON bit in CSRq when initializa¬ 
tion is complete. 

00 DRX DISABLE THE RECEIVER caus¬ 

es the chip to reject all incoming 
packets and not access the Re¬ 
ceive Descriptor Ring. DRX = 1 
will clear the RXON bit in the 
CSRq when Initialization Is com¬ 
plete. 


^^Physical Address 



■PADR (47:01) 

AF000520 
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02:00 


Bit 


Name Description 


47:00 PADR PHYSICAL ADDRESS Is the 
unique 48-bit physical address 
assigned to the chip. PADR (0) 
must be zero. 

Logical Address Filter 

If the first bit of an Incoming address is a "1” [PADR (0) = 1], 
the address is deemed logical and is passed through the 
logical address filter. 

The logical address filter is a 64-bit mask that is used to 
accept incoming Logical Addresses. The incoming address is 
sent through the CRC circuit. After all 48 bits of the address 
have gone through the CRC circuit, the high order 6 bits of the 
resultant CRC are strobed into a register. This register is used 
to select one of the 64-bit positions in the Logical Address 
Filter. If the selected filter bit is a "1," the address Is accepted 
and the packet will be put In memory. The logical address filter 
only assures that there is a possibility that the incoming logical 
address belongs to the node. To determine if it belongs to the 
node, the incoming logical address that is stored in main 
memory is compared by software to the physical address that 
was loaded through the initialization block. 

The Broadcast address, which is all ones, does not go through 
the Logical Address Filter and is always enabled. If the Logical 
Address Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. 


MUST BE ZEROES. These bits 
are RDRA (02:00) and must be 
zeroes because the Receive 
Rings are aligned on quadword 
boundaries. 


Transmit Descriptor Ring Pointer 

31 29 28 24 23 


Receive Descriptor Ring Pointer 

31 29 28 24 23 


r 



1 





1 i_ 

RES 

j 0’ (QUADWORD BOUNDARY) J 


- RDRA (23:03) 


Bit 


Name Description 


15:13 


RLEN 


12:08 

07:00 

15:03 


RES 

RDRA 


RECEIVE RING LENGTH is the 
number of entries in the receive 
ring expressed as a power of two. 

Number 

RLEN of Entries 

0 1 

1 2 

2 4 

3 8 

4 16 

5 32 

6 64 

7 128 

RESERVED 

RECEIVE DESCRIPTOR RING 
ADDRESS is the base address 
(lowest address) of the Receive 
Descriptor Ring. 


n 



n 


. 




L 

i— 

RES 

TLEN 

0’(QUADWORD BOUNDARY) J 

L TDRA (23:03) 

AF000480 



Bit 

Name 

Description 


15:13 

TLEN 

TRANSMIT RING LENGTH is the 


number of entries in the Transmit 
Ring expressed as a power of 
two. 


Number of Entries 
1 
2 
4 
8 
16 
32 
64 
128 




LADRF 

12:08 

07:00 



AF00050C 

i 15:03 

Bit 

Name 

Description 


63:00 

LADRF 

The 64-bit mask used by the chip 
to accept logical addresses. 

02:00 


RES 

TDRA 


AF000490 


TLEN 
0 
1 
2 

3 

4 

5 

6 
7 

RESERVED 

TRANSMIT DESCRIPTOR RING 
ADDRESS is the base address 
(lowest address) of the Transmit 
Descriptor Ring. 

MUST BE ZEROES. These bits 
are TDRA (02:00) and must be 
zeroes because the Transmit 
Rings are aligned on quadword 
boundaries. 


BUFFER MANAGEMENT 

Buffer Management is accomplished through message de¬ 
scriptors organized in ring structures in memory. Each mes¬ 
sage descriptor entry is four words long. There are two rings 
allocated for the device: a Receive ring and a Transmit ring. 
The device is capable of polling each ring for buffers to either 
empty or fill with packets to or from the channel. The device is 
also capable of entering status information in the descriptor 
entry. Chip polling is limited to looking one ahead of the 
descriptor entry the chip is currently working with. 

The location of the descriptor rings and their length are found 
In the initialization block, accessed during the initialization 
procedure by the chip. Writing a "ONE" into the STRT bit of 
CSRq will cause the chip to start accessing the descriptor 
rings and enable it to send and receive packets. 

The chip communicates with a HOST device (probably a 
mircoprocessor) through the ring structures in memory. Each 
entry in the ring is either "owned" by the chip or the HOST. 
There is an ownership bit (OWN) in the message descriptor 
entry. Mutual exclusion is accomplished by a protocol which 
states that each device can only relinquish ownership of the 
descriptor entry to the other device; it can never take 
ownership, and no device can change the state of any field In 
any entry after it has relinquished ownership. 
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DESCRIPTOR RINGS 

Each descriptor in a ring in memory is a 4-word entry. The 
following is the format of the receive and the transmit 
descriptors. 

Receive Message Descriptor Entry 
Receive Message Descriptor 0 (RMDq) 


Bit Name Description 

15:00 LADR The LOW ORDER 16 address 

bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 

Receive Message Descriptor 1 (RMDi) 



---OWN 

AF000870 

Description 

This bit indicates that the 
descriptor entry is owned by the 
host (OWN = 0) or by the chip 
(OWN = 1). The chip clears the 
OWN bit after filling the buffer 
pointed to by the descriptor entry. 
The host sets the OWN bit after 
emptying the buffer. Once the 
chip or host has relinquished 
ownership of a buffer, it must not 
change any field in the four words 
that comprise the descriptor 
entry. 

ERROR summary is the "OR" of 
FRAM, OFLO, CRC or BUFF. 
ERR is set by the chip and 
cleared by the host. 

FRAMMING ERROR Indicates 
that the incoming packet 
contained a noninteger multiple 
of eight bits and there was a CRC 
error. If there was not a CRC 
error on the incoming packet, 
then FRAM will not be set even if 
there was a noninteger multiple 
of eight bits in the packet. FRAM 
is not valid in internal loopback 
mode. FRAM is set by the chip 
and cleared by the host. 


Description 

OVERFLOW error indicates that 
the receiver has lost all or part of 
the incoming packet due to an 
inability to store the packet in a 
memory buffer before the internal 
silo overflowed. OFLO is set by 
the chip and cleared by the host. 

CRC indicates that the receiver 
has detected a CRC error on the 
incoming packet. CRC is set by 
the chip and cleared by the host. 

BUFFER ERROR is set any time 
the chip does not own the next 
buffer while data chaining a 
received packet. This can occur 
in either of two ways: 1) the OWN 
bit of the next buffer is zero, or 2) 
silo overflow occurred before the 
chip received the next STATUS. 
BUFF is set by the chip and 
cleared by the host. 

If a Buffer Error occurs, an 
Overflow Error may also occur 
internally in the SILO, but will not 
be reported in the descriptor 
status entry unless both BUFF 
and OFLO errors occur at the 
same time. 

START OF PACKET indicates 
that this is the first buffer used by . 
the chip for this packet. It is used 
for data chaining buffers. STP is 
set by the chip and cleared by the 
host. 

END OF PACKET indicates that 
this is the last buffer used by the 
chip for this packet. It is used for 
data chaining buffers. If both STP 
and ENP are set, the packet fits 
into one buffer and there is no 
data chaining. ENP is set by the 
chip and cleared by the host. 

The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 


Receive Message Descriptor 2 (RMD 2 ) 


-MUST BE ONES 

AF000930 
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Bit Name Description 

15:12 MUST BE ONES. This field is 

written by the Host and 
unchanged by the chip. 

11:00 BCNT BUFFER BYTE COUNT is the 

length of the buffer pointed to by 
this descriptor, expressed as a 
two's complement number. This 
! field is written by the host and 

unchanged by the chip. Minimum 
I buffer size is 64 bytes for the first 

buffer of packet. 

Receive Message Descriptor 3 (RMD 3 ) 

IS_12 11__ 0 


I ---MCNT 

AF000950 

Sit Name Description 

15:12 RES RESERVED and read as zeroes. 

11:00 MCNT MESSAGE BYTE COUNT Is the 

length in bytes of the received 
message In Binary coded 
Decimal (BCD). MCNT is valid 
only when ERR Is clear and ENP 
is set. MCNT is written by the chip 
and cleared by the host. 

Transmit Message Descriptor Entry 

Transmit Message Descriptor 0 (TMDq) ^ 


LADR 


AF000940 

Bit Name Description 

15:00 LADR The LOW ORDER 16 address 

bits of the buffer pointed to by 
this descriptor. LADR is written by 
the host and unchanged by the 
chip. 


Transmit Message Descriptor 1 (TMDi) 



Bit Name Description 

15" OWN This bit indicates that the 

descriptor entry is owned by the 
host (OWN = 0) or by the chip 
(OWN = 1). The host sets the 
OWN bit after filling the buffer 
pointed to by this descriptor. The 
chip clears the OWN bit after 
transmitting the contents of the 
buffer. Both the host and the chip 
must not alter a descriptor entry 
after it has relinquished 
ownership. 

ERROR summary is the "OR" of 
LCOL, LCAR, UFLO or RTRY. 
ERR is set by the chip and 
cleared by the host. 

RESERVED bit. The chip will 
write this bit with a "0." 

MORE indicates that more than 
one retry was needed to transmit 
a packet. MORE is set by the chip 
and cleared by the host. 

ONE indicates that exactly one 
retry was needed to transmit a 
packet. ONE is set by the chip 
and cleared by the host. One flag 
is not valid when LCOL is set. 

DEFERRED indicates that the 
chip had to defer while trying to 
transmit a packet. This condition 
occurs if the channel is busy 
when the chip is ready to 
transmit. DEFER is set by the 
chip and cleared by the host. 

START OF PACKET indicates 
that this is the first buffer to be 
used by the chip for this packet. It 
is used for data chaining buffers. 
STP is set by the host and 
unchanged by the chip. The STP 
bit must be set in the first buffer 
of the packet or the LANCE will 
skip over this descriptor, poll the 
next descriptor(s) until the OWN 
and STP bit are set. 

END OF PACKET indicates that 
this is the last buffer to be used 
by the chip for this packet. It is 
used for data chaining buffers. If 
both STP and ENP are set, the 
packet fits into one buffer and 
there Is no data chaining. ENP is 
set by the host and unchanged by 
the chip. 

The HIGH ORDER 8 address bits 
of the buffer pointed to by this 
descriptor. This field is written by 
the host and unchanged by the 
chip. 


14 ERR 

RES 
MORE 

ONE 

DEF 

09 STP 


08 ENP 


07:00 HADR 


13 

12 

11 

10 


AF000880 
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Transmit Message Descriptor 2 (TMD 2 ) 

15_12 11_ 0 


'-BCNT 

‘--ONES 

AF000980 

Bit Name Description 

15:12 ONES Must be ones. This field is set by 

the host and unchanged by the 
chip. 

11:00 BCNT BUFFER BYTE COUNT is the 

usable length in bytes of the 
buffer pointed to by this 
descriptor expressed as a two's 
complement number. This is the 
number of bytes from this buffer 
that will be transmitted by the 
chip. This field is written by the 
host and unchanged by the chip. 
The first buffer of a packet has to 
be at least 100 bytes minimun 
when data chaining and 64 bytes 
when not data chaining. 

Transmit Message Descriptor 3 (TMD 3 ) 


15 10 9 0 



Bit Name Description 

15 BUFF BUFFER ERROR is set by the 

chip during transmission when 
the chip does not find the ENP 
flag in the current buffer and does 
not own the next buffer. This can 
occur in either of two ways: either 
the OWN bit of the next buffer is 
zero, or silo underflow occurred 
before the chip received the next 
STATUS signal. BUFF Is set by 
the chip and cleared by the host. 
BUFF error will disable the 
transmitter (CSRq = TXON = 0 ) 


Bit Name Description 

If a Buffer Error occurs, an 
Underflow Error will also occur 
internally in the SILO. An 
underflow Error will not be 
reported in the descriptor status 
entry unless both BUFF and 
UFLO errors occur at the same 
time. 

UNDERFLOW ERROR indicates 
that the transmitter has truncated 
a message due to data late from 
memory. UFLO indicates that the 
silo has emptied before the end 
of the packet was reached. 

UFLO is set by the chip and 
cleared by the host. 

RESERVED bit. The chip will 
write this bit with a "0." 

LATE COLLISION indicates that 
a collision has occurred after the 
slot time of the channel has 
elapsed. The chip does not retry 
on late collisions. LCOL is set by 
the chip and cleared by the host. 

LOSS OF CARRIER is set when 
the carrier input (RENA) to the 
chip goes false during a chip- 
initiated transmission. The chip 
does not re-try upon loss of 
carrier. It will continue to transmit 
the whole packet LCAR until 
packet is finished. LCAR is not 
valid in INTERNAL LOOPBACK 
MODE. LCAR is set by the chip 
and cleared by the host. 

RETRY ERROR indicates that 
the transmitter has failed in 16 
attempts to successfully transmit 
a message due to repeated 
collisions on the medium. If 
DRTY = 1 in the MODE register, 
RTRY will set after 1 failed 
transmission attempt. RTRY is 
set by the chip and cleared by the 
host. 

TIME DOMAIN 
REFLECTOMETRY reflects the 
state of an internal chip counter 
that counts from the start of a 
transmission to the occurrence of 
a collision. This value is useful in 
determining the approximate 
distance to a cable fault. The 
TDR value is written by the chip 
and is valid only if RTRY is set. 


14 UFLO 


13 

RES 

12 

LCOL 

11 

LCAR 


10 RTRY 


09:00 TDR 


* 
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Am7990 


■K 


ADDRESS BUS 


DATA BUS 



AF000371 


68000 TO LANCE INTERFACE 

The goal of this interface was to be compatible with 8MHz and 
faster 68000s while minimizing parts count. The Am22V10 
could be used to eliminate the two flip-flops shown. Autovec¬ 
toring is used since the Am7990 does not return a vector 
during interrupt acknowledge cycles. Note program BSWP, 
BOON to 1 and ACON to 0. 

/AS RW BYTE/HOLD NC/BG AO NC/BGACK GND /CS/TB/ 
UDS/DAS/CLR BR NC/LDS/RB VCC 


If (/BGACK) RB = CS*RW*UDS + CS*RW*LDS 

If (/BGACK) TB = CSVRW 

If (BGACK) UDS = DASVAO*BYTE + /BYTE*DAS 

If (BGACK) IDS = DAS*AO*BYTE +/BYTE*DAS 

If (/BGACK) DAS = UDS*LDS 

CLR = /AS*BG 

BR = /HOLD 


PAL is a registered trademark of and is used under license from Monolithic Memories, Inc. 
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LE 


/T /R 

ALE 


/AS 

OTR 


/DAS 

/RD 

/WR 

DEN 

ARDY 

186/90.PAL 

PAL16L8 

READ 

HLDA 

CS 

/READY 



186 TO LANCE INTERFACE 

This PAL design assumes that the 186 and LANCE are on the 
same board. The data bus buffer is only enabled if the LANCE 
is not selected. It seems natural to program the LANCE for 
ALE output. However, the PAL equations or indeed a discrete 
design is easier if/AS is used. This is because the LANCE 
tristates ALE; the 186 does not. Note data will be valid on the 
falling edge of/WR in min mode, meeting the apparent 
requirement of the LANCE in early data sheets. Data set up 
time is specified with respect to the rising edge of DAS in later 
data sheets; thus the designer has more flexibility. All transfers 
to or from the LANCE must be words. Program ACON to 1, 
BCON and BSWP to 0. 


ALE/AS DTR NC NC DEN NC/READY HLDA GND /CS 
ARDY READ/R/T/DAS/WR/RD LE VCC 

If (/HLDA) DAS = RD + WR 
If (/HLDA)/READ = DTR 
If (/HLDA) T = DTRVCS 
If (/HLDA) R = /DTR*DEN*/CS 
If (HLDA) RD = READ*DAS 
If (HLDA) WR = /READ*DAS 
/LE = /ALE + /AS 
/ARDY = /READY 
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Am7990 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature.-65®C to +150®C 

Ambient Temperature with 

Applied Powers.-55®C to +125®C 

Supply Voltage to Ground Potential 

Continuous. .-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State...-0.5V to +Vcc 'Tf'ax 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current, Into Outputs.’.20mA 

DC Input Current..-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input LOW Voltage 


-0.5 


0.8 

Volts 

V|H 

Input HIGH Voltage 


2 


VCC+0.5V 

Volts 

VoL 

Output LOW Voltage 

•OL = 3.2mA 



0.5 

Volts 

VOH 

Output HIGH Voltage 

IOH =-0.4mA 

2.4 



Volts 

l|L 

Input Leakage 

Vim = 0.4V to Vcc 



±10 

ma 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Bus Slave Timing | 

1 

1^9111 

Chip Select Hold Time after DA§ LOW to HIGH 


0 



ns 

2 


Chip Select Setup Time before DAS HIGH to LOW 


0 



ns 

3 


ADR Hold Time following LOW to HIGH 


0 




4 


ADR Setup Time before DAS HIGH to LOW 


0 



n^ 


ISsBIl 

Data Delay following DAS HIGH to LOW 

CSRo, RAP, CSR 3 




m 


CSR-j, CSR 2 




6 

ISI3i 

Read Data Setup Time before READY HIGH to LOW 


75 



ns 

7 


Data Hold Time following DAS LOW to HIGH (Read Cycle) 


0 



ns 

8 


READY Hold Time after D^ LOW to HIGH 


0 


1^1 

ns 

9 

iS39H 

READ Hold Time after D^ LOW to HIGH 


0 



ns 

m 

ISSSH 

READY Driver Turn on Time after DAS HIGH to LOW 

CSRo, CSR 3 . RAP 






CSR-|, CSR 2 




11 

ISSU 

READ Setup Time before DAS HIGH to LOW 


0 



n^ 

12 

IMSM 

Data Hold Time after DAS LOW to HIGH (Write Cycle) 


0 



HEH 

13 


Data Setup Time before DAS HIGH to LOW (Write Cycle) 


0 





Commercial (C) Devices 

Temperature.....0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.....+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Bus Master Timing | 

1 


Extended Address Setup Time before ALE HIGH to LOW 


75 



ns 

2 


Extended Address Hold Time after DAS LOW to HIGH 


35 



ns 

3 

ESHI 

Address Setup Time before ALE HIGH to LOW 


75 



ns 

4 

BQIII 

Address Hold Time after ALE HIGH to LOW 


35 



ns 

5 


READ Data Setup Time before DAS LOW to HIGH 


50 



ns 

6 


READ Data Hold Time after DA§ LOW to HIGH 


0 



ns 

7 


ALE Width 


130 



ns 

8 


WRITE Data Setup Time before DAS LOW to HIGH 


200 



ns 

9 


WRITE Data Hold Time DA§ LOW to HIGH 


35 



ns 

10 

tDDAS 

WRITE Data Setup Time before DAS HIGH to LOW 


0 



ns 

11 

tDSW 

DAS Width 


200 



ns 

12 

tDALE 

Delay from DAS LOW to HIGH to ALE LOW to HIGH 


70 



ns 

13 

tADAS 

Delay from ALE HIGH to LOW to DAS HIGH to LOW 


80 



ns 

14 

tRIDF 

Delay from DALO LOW to HIGH to DAS HIGH to LOW 
(Read Cycle) 


35 



ns 

15 

tRDYS 

READY Setup Time before DAS LOW to HIGH (See Note) 


75 


250 

ns 

16 

tRDYH 

READY Hold Time after DAS LOW to HIGH 


0 



ns 

17 

tos 

DALD Setup Time before ALE HIGH to LOW 


110 



ns 

18 

tROH 

DALO Hold Time after ALE HIGH to LOW (Read Cycle) 


35 



ns 

19 

tROIF 

Delay from DAL5 LOW to HIGH to DALI HIGH to LOW 
(Read Cycle) 


35 



ns 

20 

i^BI 

DALI Setup Time before DAS LOW to HIGH (Read Cycle) 


135 



ns 

21 

BiQIH 

DAO Hold Time after DAS LOW to HIGH (Read Cycle) 


0 



ns 



Delay from DAU LOW to HIGH to DALO HIGH to LOW 
(Read Cycle) 


55 



ns 

23 

tWDSI 

Delay from DAS LOW to HIGH to DAL© LOW to HIGH 
(Write Cycle) 


35 



ns 

24 

tARYD 

Delay from the falling edge of ALE to the falling 

edge of READY to insure a minimum Bus Cycle time (600ns). 




80 

ns 

Note: The READY setup time before negation of DAS is a function of the synchronization time of READY. The synchronization must occur within two 
clock ticks (100ns). Therefore, the setup time is 100ns plus any accumulated propagation delays. Ready slips occur on 100ns increments. 
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[ SWITCHING CHARACTERISTICS over operating range unless otherwise specified 



Description 

Test Conditions 

Min 

Typ 

Max 

Units 

Bus Acquisition Timing | 

1 

tOON 

Bus Master Driver Enable Time after Assertion of HLDA 




250 

ns 

2 

tpOFF 

Bus Master Driver Disable Time after Deassertion of HOLD 




50 

ns 

3 

tRW 

RESET Pulse Width (Note 1) 





ns 

4 


HOLDAi to HOLDi 






5 

tjCT 

TCLK Period 




101 

ns 

6 

tjCL 

TCLK Low Time 


IQIII 


55 

ns 

7 


TCLK High Time 


IBB 


55 

ns 

8 

tTCR 

Rise Time of TCLK 


0 


8 

ns 


tjCF 


Fall Time of TCLK 


tTEP 


TENA Propagation Delay after the Rising Edge of TCLK 


Cl » 50pF 


95 


tTEH 


TENA Hold Time after the Rising Edge of TCLK 


Cl * 50pF 


12 


tTDP 


TX Data Propagation Delay after the Rising Edge of TCLK 


Cl = 50pF 


95 


tTDH 


TX Data Hold Time after the Rising Edge of TCLK 


Cl = 50pF 


tRCT 


RCLK Period 


tRCH 


RCLK High Time 


tRCL 


RCLK Low Time 


38 


18 


tRCF 


Fall Time of RCLK 


tRDR 


RX Data Rise Time 


20 


tRDF 


RX Data Fall Time 


tRDH 


RX Data Hold Time (RCLK to RX Data Change) 


tRDS 


RX Data Setup Time (RX Data Stable to the Rising 
Edge of RCLK) 


23 


tDPL 


RENA Low Time 


tCPH 


CLSN High Time 
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Am7991A/Am7992A* 

Serial Interface Adapter (SIA) 


DISTINCTIVE CHARACTERISTICS 


• Crystal controlled Manchester Encoder 

• Manchester Decoder acquires clock and data within six 
bit times with an accuracy of ±3ns 

- Carrier/collision detected for greater than -300mV 

- No carrier/collision for less than -175mV 

• Receiver decodes Manchester data with up to ±20ns 
clock jitter (at 10MHz) 


• Input signal conditioning rejects transient noise 

- Transients < 10ns for collision detector inputs 

- Transients < 16ns for carrier detector inputs 

• TTL compatible host interface 

• Transmit accuracy ±0.01% (without adjustments) 


GENERAL DESCRIPTION 


The Am7991 A Serial Interface Adapter (SIA) is a Manches¬ 
ter Encoder/Decoder compatible with both Ethernet and 
IEEE-802.3 specifications. In an Ethernet/IEEE-802.3 ap¬ 
plication the Am7991A interfaces the Am7990 Local Area 
Network Controller for Ethernet (LANCE) to the Ethernet 
transceiver cable, acquires clock and data within 6 bit- 


times, and decodes Manchester data with up to ±20ns 
phase jitter at 10MHz. SIA provides both guaranteed signal 
threshold limits and transient noise suppression circuitry in 
both data and collision paths to minimize false start 
conditions. 


BLOCK DIAGRAM 
Serial Interface Adapter (SIA) 



RELATED PRODUCTS 


PART NO 

DESCRIPTION 

Am7990 

Local Area Network Controller for Ethernet 

Am7995 

Ethernet Transceiver 


‘December 1983 - See Valid Combinations Note Under Ordering Information 


03378C 


ri¬ 
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Am7991A/Am7992A* 


CONNECTION DIAGRAM 
Top View 

D-24-1 


CLSN 
RX 
RENA 
RCLK 
TSEL 

QNDf 

GNDs 
Xl 
*2 
TX 
TCLK 
TENA 

CD001520 



TYPICAL ETHERNET NODE 



AF000470 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number Is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am7991A/92A D C B 

I—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C -Commercial (0®C to +70®C) 

M - Military (-55X to +125°C) 

— Package 

D-24-pin CERDIP *(D-24-1) 

P-24 pin plastic DIP (P-24-1) 

Device type 

Serial Interface Adapter (SIA) 


Valid Combinations 

Am7991A 

DC, DCB, DM, 
DMB 

Am7992A 

PC, DC, DCB, 
DM. DMB 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 


* 7992A only available in D-24-SLIM. 
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CLSN 


RX 


RENA 


RCLK 


TX 


TENA 


TCLK 


PIN DESCRIPTION 


Collision (output) 

A TTL active high output. Signals at the Collision 
± terminals meeting threshold and pulse width 
requirements will produce a logic high at CLSN 
output. When no signal is present at Collision ±, 
CLSN output will be low. 

Receive Data (output) 

A MOS/TTL output, recovere d data . When there 
is no signal at Receive ± and TEST is high, RX is 
high. RX is actuated with RCLK and remains 
active until end of message. During reception, 
RX is synchronous with RCLK a nd cha nges after 
the rising edge of RCLK. When TEST is low, RX 
is enabled. 

Receive Enable (output) 

A TTL active high out put. W hen there is no 
signal at Receive ± and TEST is high, RENA is 
low. Signals meeting threshold and pulse width 
requirements will produce a logic high at RENA. 
When Receive ± becomes idle, RENA returns to 
the low state sync hrono us with the Manchester 
bit cell edge. For TEST low, RENA function is 
disabled. 

Receive Clock (output) 

A MOS/TTL output recovered clo ck. Wh en there 
is no signal at Receive ± and TEST is high, 
RCLK is low. RCLK Is activated after the third 
negative data transmission at Receive ±, and 
remai ns active until end of message. When 
TEST is low, RCLK is enabled independent of 
Receive ±. 


Transmits- Transmit (outputs) 

Transmit- A differential line output. This line pair is intend¬ 
ed to operate into terminated transmission lines. 
For signals meeting setup and hold time to TCLK 
at TENA and TX Manchester clock the data is 
outputted at Transmit +/Transmit -. When op¬ 
erating into a 78f2 terminated transmission line, 
signalling meets the required output levels and 
skew for both Ethernet and IEEE 802.3 drop 
cables. 


Receive + Receiver (Inputs) 

Receive - A differential input. A pair of internally biased line 
receivers consisting of a carrier detect receiver 
with offset threshold and noise filtering to detect 
the signal, and a data recovery receiver with no 
offset for Manchester data decoding. 

Collision + Collision (Inputs) 

Collision- A differential input. An internally biased line 
receiver input with offset threshold and noise 
filtering. Signals at Collision ± have no effect on 
data path functions. 

TSEL Transmit Mode Select 

An open collector output and sense amplifier 

input. 

TSEL Low: Idle transmit state Transmit + is 

positive with respect to Transmit 

TSEL High: Idle transmit state Transmit + 
and Transmit - are equal, pro¬ 
viding "zero" differential to op¬ 
erate transformer coupled loads. 


Transmit (Input) 

TTL compatible input. When TENA is high, 
signals at TX meeting setup and hold time to 
TCLK will be encoded as normal Manchester at 
Transmit + and Transmit -. 

TX High: Transmit + is negative with respect 
to Transmit - for first half of data bit 
cell. 

TX Low: Transmit + is positive with respect 
to Transmit - for first half of data 
bit ceil. 


Transmit Enable (Input) 

TTL compatible Input. Active high data encoder 
enable. Signals meeting setup and hold time to 
TCLK will allow encoding of Manchester data 
from TX to Transmit + and Transmit -. 

Transmit Clock (output) 

MOS/TTL output. TCLK provides symmetrical 
high and low clock signals at data rate for 
reference timing of data to be encoded. It also 
provides clock signals for the controller chip 
(Am7990 - LANCE) and an internal timing refer¬ 
ence for receive path voltage controlled oscilla- 


When connected with an RC network, TSEL is 
held low during transmission. At the end of 
transmission the open collector output is dis¬ 
abled, allowing TSEL to rise and provide a 
smooth transmission from logic high to "zero" 
differential idle. Delay and output return to zero 
are externally controlled by the RC time constant 
TSEL. 

Biased Crystal Oscillator 

Xi is the input and X 2 is the bypass port. When 
connected for crystal operation, the system 
clock which appears at TCLK is half the frequen¬ 
cy of the crystal oscillator. Xi may be driven 
from an external source of two times the data 
rate. 

Frequency Setting Voltage Controlled Os¬ 
cillator (Vco) Loop Filter 

This loop filter output is a reference voltage for 
the receive path phase detector. It also is a 
reference for timing noise immunity circuits in 
the collision and receive enable path. Nominal 
reference Vco 9^*^ is 1-25 TCLK frequency 
MHz/V. 

Receive Path Vco Phase Lock Loop Filter 

This loop filter input is the control for receive 
path loop damping. Frequency of the receive 
Vco is internally limited to transmit frequency 
±12%. Nominal receive Vco gain is 0.25 refer¬ 
ence Vco gain MHz/V. 


* 
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Am7991A/Am7992A* 


TEST 


Test Control (Input) 

A static input that Is connected to Vcc ^or 

GNDi 

High Current Ground 

normal Am7991 operation and to ground for 
testing of receive path function. When TEST Is 

GND2 

Logic Ground 

grounded RCLK and RX are enabled so that 
receive path loop may be functionally tested. 

GNDs 

Voltage Controlled Oscillator Ground 


Vcci 

High Current and Logic Supply 


VcC 2 

Voltage Controlled Oscillator Supply 


DETAILED DESCRIPTION 

The Am7991A Serial Interface Adapter (SIA) has three basic 
functions. It is a Manchester Encoder/line driver in the 
transmit path, a Manchester Decoder with noise filtering and 
quick lock-on characteristics in the receive path, and a signal 
detect/converter (10MHz differential to TTL) in the collision 
path. In addition, the SIA provides the Interface between the 
TTL logic environment of the Local Area Network Controller 
for Ethernet (LANCE) and the differential signaling environ¬ 
ment In the transceiver cable. 

TRANSMIT PATH 

The transmit section encodes separate clock and NRZ data 
input signals meeting the set up and hold time to TCLK at 
TENA and TX, into a standard Manchester II serial bit stream. 
The transmit outputs (transmit +/transmit -) are designed to 
operate into terminated transmission lines. When operating 
into a 78^2 terminated transmission line, signaling meets the 
required output levels and skew for both Ethernet and 
IEEE-802.3 


Figure 1. Transmit Section 



Transmitter Timing and Operation 

A 20MHz fundamental mode crystal oscillator provides the 
basic timing reference in the SIA. It is divided by two to create 
the transmit clock reference (TCLK). Both 20MHz and 10MHz 
clocks are fed into the Manchester Encoder to generate the 
transitions in the encoded data stream. The 10MHz clock, 
TCLK, is used by the SIA to internally synchronize transmit 
data (TX) and transmit enable (TENA). TCLK is also used as a 
stable bit rate clock by the receive section of the SIA and by 
other devices in the system (the AM7990 LANCE used TCLK 
to drive its internal state machine). The oscillator may use an 
external .005% crystal or an external TTL level input as a 
reference. Transmit accuracy of .01 % is achieved (no external 
adjustments are required). 

TENA is activated when the first bit of data is made-available 
on TX. As long as TENA remains High, signals at TX will be 
encoded as Manchester and will appear at transmit + and 
transmit -. When TENA goes Low, the differential transmit 
outputs go to one of two idle states: 


• Mode 1 - (TSEL High) The idle state of transmit + /transmit 
- yields "zero" differential to operate transformer coupled 
loads. 

• Mode 2 - (TSEL Low) in this idle state, transmit + is 
positive to transmit - (logical High). (Figure 11 A) 

RECEIVE PATH 

The principle function of the receiver is the separation of the 
Manchester encoded data stream into clock and NRZ data. 

input Signal Conditioning 

Before the data and clock can be separated it must be 
determined whether there is "real" data or unwanted noise at 
the transceiver interface. The Am7991A SIA carrier detection 
receiver provides a static noise margin of -175mV to -300mV 
for received carrier detection. These DC thresholds assure 
that no signal more positive than -175mV is ever decoded and 
that signals more negative than -300mV are always decoded. 
Transient noise of less than 10ns duration in the collision path 
and 16ns duration in the data path are also rejected. 

Figure 2. Receiver 



DF000200 


The stage prevents unwanted idle state noise on the trans¬ 
ceiver cable from causing "false starts" in the receiver. This 
helps assure a valid response to "real" data. 

The receiver section (Figure 3) consists of two data paths. The 
receive data path is designed to be a zero threshold, high 
bandwidth receiver. The carrier detection receiver is similar, 
but with an additional bias generator. Only data amplitudes 
larger than the bias level are interpreted as valid data. The 
noise rejection filter prevents noise transients < 16ns from 
enabling the data receiver output. The collision detector 
similarly rejects noise transients < 10ns, 

Receiver Section Timing 

Receive Enable (RENA) is the "carrier present" indication 
established when a signal of sufficient amplitude {\f\oc) and 
duration (tRPWR) is present at the receive inputs. Receive 
Clock (RCLK) and Receive Data (RX) become available after 
the third negative data transition at receive+/receive - inputs, 
and stay active until end of packet. During reception, RX is 
synchronous with RCLK changing after the rising edge of 
RCLK. 

The receiver detects the end of a packet when the normal 
transition on the differential inputs cease. After the last 
Low-to-High transition, RENA goes Low and RCLK completes 
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one last cycle, storing the last data bit. It then goes Low, and 
remai ns Low . (See Receive End of Packet Timing diagrams.) 
When TE§T is Low, RCLK does not go Low and stay Low but 
continues to run. 

Receive Clock Control 

To ensure quick capture of incoming data the receiver 
phase-locked-loop is frequency locked to the transmit oscilla¬ 
tor and it phase locks to incoming data edges. 

Clock and data are available within 6 bit times (accurate to 
within ±3ns). The SI A will decode jittered data of up to ±20ns 
(Figure 4). 

Differential 1/0 Terminations 

The differential input for the Manchester data (receive ±) is 
externally terminated by two 40.2fi ± 1 % resistors and one 


optional common mode bypass capacitor. The differential 
input impedance Z|df and the common mode input Z|cm are 
specified so that the Ethernet specification for cable termina¬ 
tion impedance is met using standard 1 % resistor terminators. 
The collision ± differential input is terminated in exactly the 
same way as the receive Input (See External Component 
diagram) 

Collision Detection 

The Ethernet Transceiver detects collisions on the Ethernet 
and generates a 10MHz signal on the transceiver cable 
(collision +/collision-). This collision signal passes through 
an input stage which assures signal levels and pulse duration. 
When the signal is detected by the SIA, the SIA sets the CLSN 
line High. This condition continues for approximately 190ns 
after the last Low-to-High transition on collision +/collision-. 


Figure 3. Receiver Section Detail 


RX 


RCLK 


RENA 



DF000170 


Figure 4. Maximum Jitter Impact on Sampling 



* 
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Am7991A/Am7992A* 


Am7991A 

External Component Diagram 



Notes: 1. Connect Ri, Ci, for 0 differential nontransmit. Connect to ground for logic 1 differential nontransmit. 

2. Pin 20 shown for normal device operation. 

3. Nodes A and B may be connected directly to ground for proper decoder operation, or to the common 
mode bypass C 4 and C 5 . Some direct coupled transceivers require C 4 and C 5 to ground tor proper 
operation. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150°C 

Ambient Temperature with 

Power Applied.-55°C to +125°C 

Supply Voltage to Ground Potential 

Continuous.+7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage (Logic Inputs).+5.5V 

DC Input Voltage (Rec Coll) ....-6V to +6V 

Transmit ± Output Current.-50mA to +5mA 

DC Output Current, Into Outputs.100mA 

DC Input Current (Logic Inputs).±30mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.O^C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125°C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

VOH 

Output High Voltage RXD, RENA, 

CLSN.TCLK 

Iqh = -1.0mA 

2.4 

3.4 


V 

VOL 

Output Low Voltage RCLK, TCLK, RENA 

RXD, CLSN, TSEL 

lOL = 16mA 



0.5 

V 

lOL = 1 mA 



0.4 

VOD 

Differential Output Voltage 
(T ransmit+ )-(T ransmit-) 

Vo 

RL = 780 

550 


900 

mV 


-550 


-900 

VOD OFF 

Transmit Differential Output Idle Voltage 

-20 

0.5 

20 

mV 

lOD OFF 

Transmit Differential Output Idle Current 

-0.5 

±00.1 

0.5 

mA 

VCMT 

Common Mode Output Transmit 

0 


5 

V 

VODI 

Differential Output Voltage Imbalance 
(Transmitt) |lVo[-[Vo[| 


5 

20 

mV 

V|H 

Input High Voltage TTL 


2.0 



V 

l|H 

Input High Current TTL 

Vcc = max, V|n = 2.7V 



+ 50 

iU 

V|L 

Input Low Voltage TTL 




0.8 

V 

l|L 

Input Low Current TTL 

Vcc = max, V|n = 0.4V 



-400 


V|RD 

Differential Input Threshold (Rec Data) 


-25 

0 

+ 25 

mV 

V|DC 

Differential Input Threshold (Carrier/Collisiont) 


-175 

-225 

-300 

mV 

icc 

Power Supply Current 

toSC = 50ns 


100 

180 

mA 

tosc = 50ns, Ta = MAX 



160 

l| 

Input Breakdown Current V| = +5.5 (Tx, TENA) 




1 

mA 

V|C 

l|N = -18mA 




-1.2 

V 

Isco 

RXD, TCLK, CLSN, RENA 

Short Circuit Current 


-40 


-150 

mA 

Ridf 

Differential Input Resistance 

Vcc = 0 to MAX 

6k 

8.4k 

13k 

Q. 

Ricm 

Common Mode Input Resistance 

Vcc = 0 to MAX 

1.5k 

2.1k 

3.25k 

n 

V|CM 

Receive and Collision Input Voltage 

l|N = 0 

2.5 

3.5 

4.2 

V 

•iLD 

Receive and Collision Input Low Current 

> 

II 

z 

> 

-0.32 

-1.06 

-1.64 

mA 

l|HD 

Receive and Collision Input High Current 

V|n = 6V 

+ 0.14 

+ 0.6 

+ 1.10 

mA 

l|HZ 

Receive and Collision Input High Current 

VcC = 0. V|n = +6V 

0.4 

1.28 

1.86 

mA 
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Am7991A/Am7992A 


SWITCHING TEST CIRCUIT 


Figure 5. Test Load for RX, RENA, 
RCLK, TCLK 


Figure 6. Transmit ± Output Test Circuit 




Figure 7. Receive ±and Collision ± Input Test Circui t 



SWITCHING CHARACTERISTICS (Ta = +25°C. Vcc = 5.0V) 
Parameters T D^escription I 


Receiver Specification 


tRCT 

RCLK Cycle Time 

tRCH 

RCLK High Time. 

tRCL 

RCLK Low Time 

tRCR 

RCLK Rise Time 

Ircf 

RCLK Fall Time 

tRDR 

RX Rise Time 

irdf 

RX Fall Time 

tRDH 

RX Hold Time (RCLK to RX Change) 

tRDS 

RX Prop Delay (RCLK to RX Stable) 

Idph 

RENA Turn-On Delay (V|dc on Receive ± to RENAh) 

Idpo 

RENA Turn-Off Delay (V|dh on Receive ± to RENAjJ 

tOPL 

RENA Low Time 

tRPWR 

Receive ± Input Pulse Width to Reject (Input < V|dc) 

tRPWO 

Receive ± Input Pulse Width to Turn-On (Input <V|oc) 

tRLT 

Decoder Acquisition Time 


Collision Specification 


tCPWR 

Collision Input Pulse Width to Reject (Input < V|dc) 

ICPWO 

Collision Input Pulse Width to Turn-on (Collision ± 

Exceeds Vjdc) 

tCPWE 

Collision Input to Turn-Off CSLN (Input > V|ldo) 

tCPWN 

Collision Input to Not Turn-Off CLSN (Input > V|dc) 

tCPH 

CLSN Turn-On Delay (V|dc on Collision ± to CLSNh) 

tCPO 

CLSN Turn-Off Delay (V|hd on Collision ± to CLSNl) 


Test Conditions 


lose “ 50ns 


Cl = 50pF 
Figures 13 and 14 
(Note 1) 


Figures 7 and 8 
Figures 7 and 9 
Figure 9 

Figures 7 and 14 
Figures 7 and 14 
Figure 8 


Figures 7 and 14 
Figures 7, 12 and 14 

Figures 7 and 14 

Figures 7, 12 and 13 


Max Units 


85 



118 

ns 

38 




ns 

38 




ns 

0 



8 

ns 

0 



8 

ns 

0 



8 

ns 

0 



8 

ns 

5 




ns 




25 

ns 




180 

ns 




160 

ns 

120 




ns 




16 

ns 

40 




ns 




600 

ns 





10 

ns 

26 




ns 

80 




ns 




160 

ns 




180 

ns 




160 

ns 
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Parameters 

Description 

Test Conditions 


BB 

BEQI 


Transmitter Specification | 

tjCL 

TCLK Low Time 


45 


55 

ns 

tTCH 

TCLK High Time 

tosc = 50ns 

Figures 5 and 15 

45 


55 

ns 

tTCR 

TCLK Rise Time 

0 


8 

ns 

tTCF 

TCLK Fall Time 


0 


8 

ns 

tTDS. tES 

TXD and TEN Setup Time 

Figures 11 and 12 

5 



ns 

tTDH. tEH 

TXD and TEN Hold Time 

5 



ns 

tTOCE 

Transmit ± Output, (Bit Cell Center to Edge) 

Figures 6 and 11 

49.5 


50.5 

ns 

tOD 

TCLK High to Transmit ± Output 



100 

ns 

tTOR 

Transmit ± Output Rise Time 

20 - 80% 

1 


5 

ns 

tjOF 

Transmit ± Output Fall Time 

Figure 11 

1 


5 

ns 

VODI 

Transmit Return to Zero Differential at End of Message 

Voltage at 1 Bit Time 





mV 

VOD2 

Transmit Return to Zero Differential at End of Message 

Voltage at 2 Bit Time 





mV 

VOD3 

Undershoot Voltage at Zero Differential Point on Transmit 

Return to Zero (End of Message) 





mV 


Note 1. Assumes equal capacitance loading on RCLK and RX. 


Figure 8. Receiver Timing - Start of Packet 



Figure 9. Receiver Timing ~ End of Packet (Last Bit = 0) 
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Figure 13. Collision Timing 
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Am8120 

Octal D-Type Flip-Flop with Clear, Clock Enable and Three-State Control 


DISTINCTIVE CHARACTERISTICS 

• Buffered common clock enable input • 8-bit, high-speed parallel register with positive edge- 

• Buffered common asynchronous clear input triggered, D-type flip-flops 

• Three-state outputs 


GENERAL DESCRIPTION 


The Am8120 is an 8-bit register built using advanced Low- 
Power Schottky technology. The register consists of eight 
D-type flip-flops with a buffered common clock, a buffered 
common clock enable, a buffered asynchronous clear 
input, and three-state outputs. 

When the clear input is LOW, the internal flip-flops of the 
register are reset to logic O (LOW), independent of all other 
inputs. When the clear input is HIGH, the register operates 
in the normal fashion. 

When the three-state output enable (OE) input is LOW, the 
Y outputs are enabled and appear as normal TTL outputs. 


When the output enable (OE) input is HIGH, the Y outputs 
are in the high impedance (three-state) condition. This does 
not affect the internal state of the flip-flop Q output. 

The clock enable input (E) js used to selectively load data 
into the register. When the E input is HIGH, the register will 
retain its current data. When the E is LOW, new data is 
entered into the register on the LOW-to-HIGH transition of 
the clock input. 

This device is packaged in a slim 24-pin package (0.3 inch 
row spacing). 


BLOCK DIAGRAM 


Do 0, Dj O3 O4 O5 Dg O7 




i 


K 



9HI 

■ 

HE 



ENABLE ' ' 

Yq Y 

_rf I 

'*'2 

Y3 Y4 Yg 

'^6 

1 


BD001280 


RELATED PRODUCTS 


Part No. 

Description 

Am25S18 

Quad D Register 

Am2920 

Octal D Type Flip-flop 

Am2954/5 

Octal D Registers 


03696B 
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CONNECTION DIAGRAM 
Top View 

Leadless Chip Carrier 
L-28-1 




Note: Pin 1 is marked for orientation 
* Reserved - do not use. 


LOGIC SYMBOL 


3 4 7 8 15 16 19 20 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


C B 

Valid Combinations 

1—Screening Option 


DC, DM 

Blank - Standard processing 


FM 

B - Burn-in 

Am8120 

LC. LM 

— Temperature (See Operating Range) 


PC 

C -Commercial (0®C to +70°C) 


XC, XM 


M - Military (-55®C to +125‘’C) 


•— Package 

D-24-pin CERDIP (D-24-SLIM) 

F-24-pin ceramic flatpak (F-24-1) 

L-28-pin leadless chip carrier (L-28-1) 
P-24-pin plastic DIP (P-24-1) 

X- Dice 

Device type 
Octal D-type Flip-flop 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


Di 

I 

The D flip-flop data inputs. 

1 

CLR 

I 

When the clear input is LOW, the Qi outputs are LOW, regardless of the other inputs. When the clear input is HIGH, 
data can be entered into the register. 

11 

CP 

I 

Clock Pulse for the Register; enters data into the register on the LOW-to-HIGH transition. 


Yi 

0 

The register three-state outputs. 

23 

E 

I 

Clock Enable. When the clock enable is LOW, data on the Dj input is transferred to the Qj output on the LOW-to-HIGH 
clock transition. When the clock enable is HIGH, the Qj outputs do not change state, regardless of the data or clock 
Input transitions. 

22 

5E 

I 

Output Control. When the OE input is HIGH, the Yj outputs are in the high impedance state. When the OE input is 
LOW, the TRUE register data is present at the Yj outputs. 


Function Table 


Inputs 

internal 

Outputs 


ml 

CLR 

1 

Di 

CP 

Q| 

Yi 

Function 

H 

X 

X 

X 

X 

X 

Z 

Hi-Z 

H 

L 

X 

X 

X 

L 

z 

G!0a.r 

L 

L 

X 

X 

X 

L 

L 


H 

H 

H 

X 

X 

NC 

Z 

Hold 

L 

H 

H 

X 

X 

NC 

NC 


H 

H 

L 

L 

T 

L 

Z 

Load 

H 

H 

L 

H 

1 

H 

z 


L 

H 

L 

L 

T 

L 

L 


L 

H 

L 

H 

T 

H 

H 



H = HIGH NC = No Change 

L = LOW T * LOW-to-HIGH Transition 

X = Don't Care Z = High Impedance 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65®C to +150®C 

Temperature (Ambient) Under Bias.-55°C to 4-i25®C 

Supply Voltage to Ground Potential 

Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc max 

DC Input Voltage.-0.5V to +7.0V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

V|N = V|H or ViL 

MIL. loH = -10mA 

2.4 

3.4 


Volts 

COM'L. loH =-2.6mA 

2.4 

3.4 


VOL 

Output LOW Voltage 

Vcc = MIN 

V|N = V|H or V|L 

Iql = 4.0mA 



0.4 

Volts 

Iql = 8.0mA 



0.45 

V|H 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input logical LOW 
voltage for ail inputs 

MIL 



0.7 

Volts 

COM'L 



0.8 

V| 

Input Clamp Voltage 

Vcc = min, l|N = -18mA 



-1.5 

Volts 

III 

Input LOW Current 

Vcc = max, V|n = 0.4V 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max. V|n = 2.7V 



20 

IdA 

l| 

Input HIGH Current 

Vcc = max. ViN = 7.0y 



0.1 

mA 

lo 

Off-State (High-Impedance) 

Output Current 

Vcc = max 

Vo = 0.4V 



-20 


Vo = 2.4V 



20 

isc 

Output Short Circuit Current 
(Note 3) 

Vcc = max 

-15 


-85 

mA 

Icc 

Power Supply Current 
(Note 4) 

Vcc = max 


24 

37 

mA 


For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 
Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

All outputs open, E = GND, Dj inputs == CLR = OE = 4.5V. Apply momentary ground, then 4.5V to clock input. 


Notes: 1. 
2 . 

3. 

4. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature. 0°C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55°C to +125®C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING CHARACTERISTICS (Ta = +25X, Vcc* 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tpLH 

Clock to Yj (OE LOW) 

Cl“ 15pF 

Rl = 2.0kn 


mm 

KM 


tPHL 



36 

tPHL 

Clear to Y 


SB 

KB 

ns 

ts 

Data (Dj) 

10 

3 


ns 

th 

Data (Dj) 

IIIIIQQIIII 

3 


ns 


Enable (E) 

Active 

mm 

10 


m 

Inactive 


12 


th 

Enable (E) 

0 

0 


ns 

ts 

Clear Recovery (In-Active) to Clock 

11 

7 


ns 

tpw 

Clock 



14 


m 

LOW 

25 

13 


tpw 

Clear 


13 


ns 

tZH 

QE to Yj 


9 

13 

ns 

tZL 


14 

21 

tHZ 

OE to Yi 

Cl*=5.0pF 

Rl » 2.om 


20 

30 

ns 

tuz 


24 

36 

tmax 

Maximum Clock Frequency (Note 1) 



40 


MHz 


Note 1. Per industry convention, fry,ax worst case value of the maximum device operating frequency with no constraints on V, tf, pulse 
width or duty cycle. 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified* 


Parameters 

Description 

Test Conditions 


MILITARY 




Min 

Max 

CEIISI 

tPLH 

Clock to Yj (OE LOW) 

Cl = 50pF 

Rl = 2.0kS2 


33 


39 

BS 

tpHL 


45 


54 

tPHL 

Clear to Y 


43 


51 

ns 

ts 

Data (Dj) 

12 


15 


ns 

th 

Data (Dj) 

12 


15 


ns 

ts 

Enable (E) 

Active 

17 


20 


Bl 

Inactive 

20 


23 


th 

Enable (E) 

0 


0 


SIBBI 

ts 

Clear Recovery (In-Active) to Clock 

13 


15 


bbb 

tpw 

Clock 

HIGH 

25 


30 



LOW 

30 


35 


tpw 

Clear 

22 


25 


_1 

tZH 

5E to Yj 


19 


25 

issi 

tZL i 


30 


39 

tHZ 

DE to Yj 

Cl “ 5.0pF 
RL='2.0kJ2 


35 


40 

B 

tLZ 


39 


42 

fmax 

Maximum Clock Frequency (Note 1) 


25 


20 


BSEBI 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 
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LOW-POWER SCHOTTKY INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 



IC000090 


Note: Actual current flow direction shown. 
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Am8127 

AmZSOOO Clock Generator 


DISTINCTIVE CHARACTERISTICS 


• High-drive high-ievei ciock output 

Special output provides clock signal matched to re¬ 
quirements of AmZSOOO* CPU (4MHz and some 
6 MHz applicati ons), M MU and DMA devices. 

• Synchronized WAiT st ate an d time-out controls 
On-chip logic generates WAIT signal under control 
of Halt, Single-step, Status and Ready signals. Auto¬ 
matic time-out of peripheral wait requests. 


• Four TTL-levei clocks 

Generates synchronized TTL compatible clocks at 
16MHz, 2MHz and 1MHz to drive memory circuits 
and LSI peripheral devices. An additional TTL clock 
is synchronized with the CPU high-level clock for 
registers, latches and other peripherals. 


GENERAL DESCRIPTION 


The Am8127 Clock Generator and Controller provides the 
clock oscillator, frequency dividers and clock drivers for the 
complete array of ArnZSOOO CPUs, peripherals and memo¬ 
ry system configurations. In addition to the special 4MHz 
output driver for the AmZ8001 * and AmZ8002* CPUs, a 
standard buffered TTL 16MHz oscillator output is provided 
for a dynamic memory timing and control. In addition to 
4MHz applications, the Am8127 will also function in some 
6 MHz Z8000 applications. The Am8127 forms an integral 
part of the dynamic memory support chip set including the 
Am8163 EDC and Refresh Controller, Am2964 Dynamic 
Memory Controller, Am2960 Error Detection and Correction 
Unit and Am2961 /Am2962 EDC Bus Buffers. The oscillator 
is designed to operate with a 16MHz crystal or with external 
16MHz drive. The Am8127 uses an internal divlde-by-4 to 
provide 4MHz clock drive to the AmZ8001/AmZ8002 CPU. 
Additional dividers generate synchronous buffered 4, 2 and 
1MHz clock outputs for use by peripheral devices. The 
clock divider counters are clearable to allow synchroniza¬ 
tion of the multiple clock outputs. 


The controller functions include RESET, RUN/HALT, SIN¬ 
GLE-STEP, READY and a READY TIMEOUT counter which 
limits aperipherars wait request to 16 clock cycles. The 
CPU's WAIT input is controlled b y RUN /HALT, Single-Step, 
Status and READ Y. When RUN/HALT is LOW the ArTi8127 
drives the WAIT output LOW causing the CPU to add wait 
states (TW). The READY Input is used by peripherals to 
request wait states. The active LOW input timeout enable, 
TOEN, is used to force TIME-OUT LOW and WAIT HIGH 16 
clock cycles after a peripheral has requested a wait but fails 
to release the request. The CPU status lines ST-i, ST 2 and 
ST 3 are decoded in the Am8127 to disable the TIMEOUT 
counter during CPU "Internal Operations" and during 
refresh. 

The 4/3 input controls the clock duty cycle. An internal pull- 
up resistor pulls this input high for AmZ8000 CPUs. A LOW 
Input causes the cycle counter to output a 33% duty cycle. 


BLOCK DIAGRAM 
CLOCK GENERATOR 



BD001370 


*RESETOUT is active LOW when 4/3 = HIGH 


*Z8000, Z 8 OOI and Z8002 are trademarks of Zilog, Inc. 
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CONNECTION DIAGRAM 
Top View 


SSNO 


ZD ''CC 

SSNC CZ 

2 23 

CZ) run/hXlt 

TCK/4 CZ 

3 22 

ZD ’raes 

TCK/2 CZ 

4 21 

□ ST, 

TCK CZ 

S 20 

□ ST2 

CtR CZ 

• to 

ZD *''’3 

CCZ 

^ »• 

ZD rmeouT 

ZCK CZ 

• »7 

1 READY 

OSC 1 

• It 

p WAIT 

X2CZ 

10 IS 

' I RESETiN 

*1IZ 


1 REserouT 

QND CZ 


ZD 4/3 


CD001850 


Leadless Chip Carrier 


I i if 1 i 



24 Pin 0.3" wide 
Pin 1 is marked for orientation 


METALLIZATION AND PAD LAYOUT 


SSNO 1 
SSNC 2 
TCK/4 3 

TCK/2 4 

TCK 5 
CLR 6 
C 7 
ZCK 8 

OSC 9 


Xj 10 
11 

GNO 12 




jadj 3vsC;:-:?; 

Lidb^ MhL 


T 


24 

23 

22 


21 

20 

19 

18 

17 


16 

15 

14 

13 


Vcc 

mjN/>iACf 

TOEN 


ST1 

ST2 

ST3 

TIMEOUT 

READY 


RESETIN 

RESETdUT 

4/3 


DIE SIZE 0.098" x 0.088" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8127 




\ 




D C B 

1—Screening Option 

Blank - Standard processing 
B - Burn-in 

— Temperature (See Operating Range) 
C - Commercial (0®C to + 70®C) 

M - Military (-55X to +125°C) 

— Package 

D- 24-pin Ceramic SLIMDIP (D-24-SLIM) 

L-28-pin Leadless Chip Carrier (L-28-1) 

X - Dice 


vice type 

»mZ8000 Clock Generator 


Valid Combinations | 

Am8127 

DC, DCB, DM, 
DMB 

LC, LCB, LM, 
LMB 

XC, XM 



Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device Is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

8 

ZCK 

0 

Buffered clock output for CPU and peripherals. This output has under/overshoot control and provides the high level 
output voltage required (Vcc - 0.4V). This output is capable of driving multiple CPU clock inputs (or DMA, MMU, etc). 

7 

C 

1 

Bootstrap input. The capacitor Cb is connected from the ZCK clock output to C to provide faster ZCK risetime. 

5 

TCK 

0 

TTL level buffered clock output. TCK is the same frequency as ZCK and is synchronized with ZCK. TCK is in phase 
with ZCK when the 4/3 duty cycle control input is HIGH (50% duty cycle) and out of phase with ZCK when 4/3 is LOW 
(33% ZCK duty cycle). 

3, 4 

TCK/2, 

TCK/4 

o 

TTL buffered clocks for peripherals. TCK/2 and TCK/4 are 1 /2 and 1 /4 the TCK frequency and are synchronized with 
the rising edge of TCK. 

9 

OSC 

0 

The clock oscillator TTL buffered output. This output provides a high speed clock for dynamic memory timing (e.g. 
AmZ8000 uses this output to generate RAS/MUX-Select/CAS timing for dynamic RAMs) or other system application. 
The ZCK and TCK outputs are synchronized to the OSC rising edge. 

13 

4/3 

1 

Clock duty cycle control for ZCK and TCK. A HIGH input (no connection - input has internal pull-up) will result in a 
50% duty cycle for AmZ8000 application. A LOW input will cause a 33% duty cycle ZCK output. 

6 

CLR 

1 

The clear active LOW input for internal counters. A LOW input meeting set-up and hold time requirements will clear 
the internal clock counters on the rising edge of OSC. 

16 


0 

The WAIT output for connection to the CPU WAIT input. This latched output controls when the CPU enters wait states 
in response to the READY, STi, ST 2 , ST 3 , RUN/HALT and Single Step inputs. 

17 

READY 

1 

The active HIGH READY input is used by peripherals to request wait states. Ready inputs must meet the wait latch 
set-up and hold time requirements. 

18 

TIMEOUT 

o 

The Timeout Counter active LOW output. The Timeout Counter counts ZCK/TCK clock cycles and is used to force 
WAIT HIGH 15 clock cycles after a peripheral has requested a wait but has failed tc release the request. This output is 
normally used to interrupt the CPU. 

22 

TOEN 

1 

The Timeout Enable active LOW input. A LOW input allows the Timeout Counter to count, causes the TIMEOUT 
output to go LOW for one ZCK/TCK clock period after 15 cycles and forces WAIT HIGH at the rising edge of the 16th 
cycle. A HIGH input disables the counter and allows WAIT to be controlled by the READY, RUN/HALT and Single 
Step inputs. 

14 

RESET- 

OUT 

(RESET- 

OUT) 

o 

The Reset Output to the CPU. It is active LOW when the 4/3 input is HIGH and active HIGH when the 4/3 input is 
LOW. 

15 

RESETIN 

1 

The active LOW Reset Input. A LOW input will cause RESETOUT to go LOW synchronous with ZCK -JT . 
Pushbutton reset is implemented by momentarily grounding RESETIN. Power-up reset is implemented by connecting 
a capacitor from RESETIN to ground. Capacitor values from 10pF to 22ijlF will provide a power-up of less than one 
second. 

23 

RUN/ 

HALT 

1 

A debounced input to allow halt and Single Step control modes. A HIGH input allows the CPU to run. A LOW input 
forces the WAIT output LOW causing the CPU to enter continuous wait states until the ZCK period after RUN/HALT is 
returned to HIGH. 

1 

SSNO, 

SSNC 

1 

Single Step control inputs. These debounced input allow the CPU to Single Step from one wait state to the next by 
momentarily disconnecting SSNC from ground and grounding SSNO. RUN/HALT must be LOW for Single Step 
operation. 

19, 20, 21 

STi, ST 2 . 
ST 3 

1 

Status inputs from AmZ8000 CPU's and peripherals. Continuous LOW inputs indicate that the CPU is executing 
"internal operation" or "refresh." During this time the time out is disabled to avoid signaling an inappropriate interrupt. 
The status inputs are subject to the set-up and hold time requirements of the WAIT latch. 

10 , 11 

Xi, X 2 

1 

External crystal connections (see application section). Xi may be driven directly by a TTL input. 


•RESETOUT is active LOW when 4/3 = HIGH. 

TYPICAL CRYSTAL SPEC 


Mode 

Fundamental AT cut 

Resonance 

Parallel or Series 

Load 

32pF 

(Net of 56pF C's shown + stray C) 

Stability 

± 0 . 01 % 

(or to user requirement) 


WAIT, TIMEOUT FUNCTION TABLE 







TIMEOUT 



RUN/HALT 

SSNC 

ST3 ST2 STi 

READY 

TOEN 

COUNTER 

TIMEOUT 

WAIT 



L L L 

H 

X 

Cleared 

H 

H 



L L L 

L 

X 

Cleared 

H 

H 




H 

L 

Cleared 

H 

H 



Any STj = H 

L 

H 

Hold 

H 

L 



L 

L 

Count +1 on 
ZCK_J“ 

H until 16 clocks 
after ready then 

LOW one ZCK period 

L until 1^ 
after ready ) 

HIGH one ZC 


L 






L 

L 

H 

X 

X 

X 

Hold 

H 

HIGH c 

ZCK pel 
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CRYSTAL CONTROLLED OSCILLATOR 


soon 



X2 

Am8127 

Xi 

GNO 

^ a0.47/iF 

XTAL 

— ini- ♦ 

lUI 1 

: r 56pF S6pF 

X 


DF000380 


EXTERNAL CLOCK DRIVE 



AmZ8000 APPLICATION 

(50% Duty Cycle ZCK) 




The typical operating configuration for Am8127 is shown 
above. The component values shown provide a 4MHz clock 
output for the AmZ8002 CPU. The 27pF capacitor from C to 
ZCK is a bootstrap to ensure clock rise to Vcc -0.4V within 


*RESETOUT is active LOW when 4/3 = HIGH 


DF000350 

the specified rise time. The 22juF reset capacitor is chosen to 
guarantee reset, plus adequate delay for reset during power- 
up wi th a s lowly rising Vcc supply voltage. Ground SSNO if 
RUN/HALT or S-S isn’t used. 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.to +150‘’C 

Temperature (Ambient) Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs For 

High Output State.-0.5V to +Vcc 

DC Input Voltage _ 

Xi,4/3, SSNO, SSNC, RUN/ HACT.-0.5V to Vcc +0.5V 

Other Inputs.-0.5V to +5.5V 

DC Voltage Applied to C.-0.5V to + 8 V 

DC Output Current, Into Outputs.30mA 

DC Input Current.-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameter 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min 

ZCK 

Iqh “ -0.1mA 

Vcc-0.4 

Vcc-0.1 


Volts 

TTL 

Outputs 

O 

X 

II 

I 

1 

MIL 

2.4 

3.4 


Volts 

•oh “ -2.6mA 

COM'L 

VOL 

Output LOW Voltage 

Vcc = min 

•oL“ 0.1mA, ZCK Output 



0.4 

Volts 

•OL “ 16mA, TTL Output 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed input 

HIGH Voltage 

reSetin 

2.8 

2.25 


Volts 

STi, STp. ST 3 , CLR, 
t5en, Xi, ready 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed input 

LOW Voltage 

STi, STp. ST 3 . CLR, 

TOen, Xi, ready 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = min, I|n = -18mA (Note 3) 



-1.5 

Volts 

V|N-V|L 

RESetIN Hysteresis 

Vcc = min 

400 

650 


mV 

l|L 

Input LOW Current 

Vcc * max, 

V|N = 0.4V 

SSNO 



- 1.6 

mA 

SSNC, 4/3, RUN/HALT, READY 



- 1.2 

mA 

TSEn, CLR, Xi 



-0.72 

mA 

RESETIN, STi, ST 2 , ST 3 



-0.36 

mA 

l|H 

Input HIGH Current 

Vcc = max, 

V|N = 2.7V 

4/3, SSNC, SSNO 

RUN/HALT 


(Note 4) 

-300 

mA 

reSetiN 


(Note 4) 

-200 

mA 

Ulr, ready, Tc5en 

STi, ST 2 . ST 3 



+ 50 

HA 

Xi 



+ 600 

pA 

l| 

Input HIGH Current 

Vcc “MAX, 

V|N * 5.5V 

Ulr, ready, 

STi, ST 2 . ST 3 



+ 1.0 

rtiA 

isc 

Output Short Circuit 
Current (Note 5) 

Vcc = max 

ZCK Output 

-50 


-240 

mA 

Others 

-40 


-130 

H^IIQQIIIIIII 


Power Supply Current 

Vcc = max 

Xi “ 2.4V, ZCK = TCK's = LOW 


95 

140 

mA 

Operating, fosc <24MHz (Note 6 ) 


120 

180 


Notes: 1. For conditions shown as MIN or MAX, use the appropriate value specified under Operating Range for the applicable device type. 

2 . Typical limits are at Vcc = 5.0V, 25°C ambient and maximum loading. 

3. Not applicable to Xi. 

4. Specification is negative because of internal input pull-up resistors. 

5. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

6 . For oscillator frequencies up to 24MHz, outputs open. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70°C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125X 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


11 


Am8127 


















Am8127 


STATIC INPUT ELECTRICAL 
CHARACTERISTICS 

The s tatic control inputs, SSNO, SSNC (Single Step), RUN/ 
HALT and 4/3 (clock duty cycle control), are Low-Power 
Schottky TTI compatible inputs with internal pull-up resistors 


to the +^V supply. They may be left open for a HIGH input 
(e.g., 4/3 is left open for operation with AmZSOOl /8002) , or 
grounded for a LOW input. SSNO, SSNG and RUN/HALTjare 
intended to be grounded or opened by switches. 4/3 is 
normally left open for AmZ8001 /8002. These inputs are 
specified at 0.4V/2.4V for test convenience. 


Parameter 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

V|H 

Input HIGH Voltage 

Guaranteed HIGH input voltage 

RUN HALT, 
SSNO 

2.4 



Volts 

V|L 

Input LOW Voltage 

Guaranteed LOW input voltage 

SSNC,4/3 



0.4 

Volts 
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SWITCHING TEST CIRCUIT 


FROM 

OUTPUT ^ 
UNDER ^ 
TEST 


Cl4: or 

200pF 


TC000690 


FROM 

OUTPUT 

UNDER 

TEST 



ZCK Output 


TTL Outputs 


SWITCHING TEST WAVEFORMS 

ZCK RISE AND FALL TIMES 


-VC 


""■ ““J _4.0V 

\ U08 


WF002190 


SET-UP AND HOLD TIMES 


PROPAGATION DELAY TIMES 



1.3V FOR TTL I/O 


SWITCHING CHARACTERISTICS —OSCILLATOR, WAIT AND ZCK OUTPUT 

(Ta= + 25-0. Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

^MAX 

Oscillator Frequency 

See Test Circuits 
(Note 7) 

24 




trC 

ZCK Rise Time 

Cl “ 80pF 

ZCK Cl “ 80pF 


9 

14 

■SB 

tfc 

ZCK Fall Time 

(Note 8) 


7.6 

11 


trC 

ZCK Rise Time 

Cl = 200pF 

ZCK Cl = 200pF 


15.4 


moil 

Vc 

ZCK Fall time 

(Note 8) 


14.0 

20 

ns 

tpLH 

READY to 



8 

14 

ns 

tPHL 



11.5 

16 

ns 

tpLH 

Status STj to 

See Test Circuits 



17 

ns 

tPHL 


17.2 

21 

ns 

ts 

OlR to OSC (-/”) Setup Time 



15 

18 

ns 

tH 

CER to OSC (_r) Hold Time 



-11 

-6 

ns 


Notes: 7. Specification is based on fundamental mode crystal. See application section. 
8. ZCK rise and fall times are based on a bootstrap capacitor value of 27pF. 
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SWITCHING CHARACTERISTICS — 4/3 = HIGH (AmZSOOO Mode) 

(Ta= +25X, Vcc = 5.0V) 


Parameters 

Description 

Test Conditions 

Min 

Typ 



ts 

READY to ZCK Set-up Time 

(Note 9) 

See Test Circuits 
ZCK Cl = 80pF 

T/4 + 10 

T/4 + 4.5 


ns 

tH 

READY to ZCK Hold Time 

T/4 + 2 

T/4 


ns 


Status STj to ZCK Set-up Time 

T/4 + 12 

T/4 + 9.5 


ns 

tH 

Status STj to ZCK Hold Time 

T/4-3 

T/4-7.5 


ns 

ts 

TOEN to ZCK Set-up Time 

30 

22 


ns 

tH 

to ZCK Hold Time 

-10 

-16 


ns 

tSKEW 

ZCK to OSC 

3 

6 

10 

ns 

tSKEW 

ZCK to TCK 

0 

4.0 

7 

ns 

tPLH 

ZCK to RESET OUT Propagation Delay 


9.0 

13 

ns 

tpHL 


4 

8 

ns 


Note: 9. T = ZCK period. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE — 
OSCILLATOR, WAIT AND ZCK OUTPUTS* 


Parameters 

Description 

Test Conditions 

COMMERCIAL 

MILITARY 

Units 

Min 

Max 

0“C 70°C 

Min 

Max 

-55“C 125^ 

tMAX 

Oscillator Frequency 

(Note 7) 

mm 



mm 



32129111 

trC 

ZCK Rise Time 

Cl = 80pF 

Cl = 80pF 
(Note 8) 


mm 

mm 


WE3M 

mm 

BBl 

tfC 

ZCK Fall Time 


14 

14 


HB 

14 

BBl 

trC 

ZCK Rise Time 

Cl = 200pF 

Cl = 200pF 
(Note 8) 






EB 

BSBI 

tfC 

ZCK Fall time 





HB 

1^1 

BBl 

tpLH 

READY to WAIT Propagation Delay 

See Test Circuits 


mm 

mm 


mm 

mm 

33Bi 

tPHL 


mm 

mm 


mm 

mm 


tpLH 

Status STj to WAIT Propagation Delay 



1031 


imul 

mm 

mm\ 

tpHL 


mm 

mm 


mm 

ra 

_nsj 

ts 

CLR to OSC (_/~ ) Setup Time 

21 






H9II 

tH 

CLR to OSC () Hold Time 

-3 



0 



BBil 


*AC performance over the operating temperature range is guaranteed by testing defined in Group A, Subgroup 9. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE — 

4/3 = HIGH (AmZSOOO Mode) 


Parameters 

Description 

Test Conditions 


MILITARY 

imiiiii^ 

Min 


Min 

Max 

ts 

READY to ZCK Setup Time 

See Test Circuits 
ZCK, Cl * 80pF 

ES9DBI 


T/4+ 17 


3391 

tH 

READY to ZCK Hold Time 

EBB 




3QB 

ts 

Status STj to ZCK Setup Time 

3203031 




33931 

tH 

Status STj to ZCK Hold Time 

T/4 




OQOI 

ts 

TOEN to ZCK Setup Time 

35 


40 


3393! 

tH 

TOeR to ZCK Hold Time 

-5 


0 


BB3i 

tSKEW 

ZCK to OSC Skew 

2 

14 

2 

17 

33931 

tSKEW 

ZCK to TCK Skew 

-2 

10 

-2 

14 

BBB 

tPLH 

ZCK to RESETOUT Propagation Delay 


16 


20 

9033 

tPHL 


16 


20 

93BI 
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TIMEOUT COUNTER TIMING 



Am8127 CLOCK OUTPUTS 
DIVIDE BY 4 MODE (AmZSOOO) 



TCK/4 






»s - 

□ 

□ 



WF002030 
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Z3I.8UJV 


osc 


MOS CLOCK 


READY 

AmZaOOO 


SINGLE STEP 


RESETOUT 


RUN/HALT 


WAIT 


Am8127 READY, WAIT, RESET, AND SINGLE STEP 


j’lrLTLrLrLrLTLru 
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Am8152A/53A 

Video System Controller (VSC) 


DISTINCTIVE CHARACTERISTICS 


• Proportional Spacing Support (2-17 dots) 

• 9-bit dot data parallel input, with expansion capability to 
seventeen bits 

• Trailing blanks (0-3 dots) 

• Buffered and Synchronized Vertical and Horizontal Sync 
Outputs are Character Clock Outputs 


• Attribute Support: 

Character Blink 

Underline 

Overstrike 

Reverse 

Highlight 

• Background color selection 


GENERAL DESCRIPTION 


The Am8152A/53A Video System Controller (VSC) pro¬ 
vides interface between a CRT controller and a CRT 
monitor. The basic chip functions are: 

• Support proportional and non-proportional character 
display 

• Correctly synchronize and mix character attributes with 
video signals 

• Output the video information in a four-level analog or 
digital format 

The VSC consists of a parallel-to-serial converter which 
provides a video bit stream to on-chip attribute logic. This 
logic, under control of the attribute inputs, operates on the 
bit stream to generate grey scale video. Video outputs from 
the VSC are of two forms — analog and digital. The digitally 
encoded outputs implement four video levels: Blank, Black, 
Grey and White. Identical information is available in analog 


form via differential outputs (current driven) into a nominal 
75n impedance. 

The Am8152A/53A also supports proportional spacing 
using a bit width programmable character clock. Character 
ROM pixel information is selectable from two to seventeen 
pixels per character. Up to three blank pixels can be 
appended to the character ROM input thereby facilitating 
right justification of text. 

The difference between the Am8152A and the Am8153A is 
In the output scheme. The Am8152A has standard TTL 
outputs and operates In the 25 - 60MHz range, while the 
Am8153A has 10K ECL outputs and operates in the 
40-100MHz range. 

The Am8152A/53A is fabricated using AMD's advanced 
bipolar process with internal ECL logic. The device is 
available in conventional 48-pin dual in-line packages. 


BLOCK DIAGRAM 
Figure 1. 



00,-00. V- GNO, GNO, Vccj Vcc, 

BD001240 


Chip Pak is a trademark of Advanced Micro Devices, Inc. 
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Am8152A/53A 


CONNECTION DIAGRAM 
Top View 


D-48-1 


DOo 
00^ 

OOjp 
D03 
004 
D05 
ooe 
007 

DW l| 
GNOj 
GRLVL 

X3 g 

Xj/RES 1 I 
Xi 

EXTOCLK 
CLKjORo g 1 
CLKjDRt ^ 1 
CLK 2 DR 2 I 
CLK2OR3 I 

TBo I 

TB, I 
HSYNC I 
VSYNC I 




48 =3 

47 Z3 
46 Z3 

45 ZD 
44 Z] 
43 [Z3 
42 
41 

^0 tZl 

39 
38 
37 tD 


34 
33 
32 
31 
30 

23 [ID 
28 
27 
26 
25 


FORE 

CBLANK 

REV 

FS 

BS 

VIO| 

VI 02 

AADJ 

VIOOUT 

VIDOUT 

V- 

GNO^ 

Vcci 

Vcc2 

SSEL 
BLANK 
TCLK 2 
MCLK 2 
MCLK^ 
CLK, ORg 
D CLK, DR, 
3 CLK, DR2 
D HSDLD 
D VSOLD 

CD001510 


Leadless Chip Carrier 
L-52-1 


I 

? s' # f s' # I g S a 



CD004920 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


Am8152A/53A 


C B 

Valid Combinations 

'—Screening Option 


DC, DCB 

Blank - Standard processing 


DM, DMB 

LC, LM, LMB 

B - Burn-in 

Am8152A/53A 

— Temperature (See Operating Range) 

C -Commercial (0®C to +70®C) 


XC, XM 


M - Military (-55°C to +125X) 

- Package 

D-48 pin CERDIP (D-48-1) 

L-52 Pin Leadless Chip Carrier (L-52-1) 
X - Dice 


Device type 

Video System Controller 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


CLKi OR 


CLOCKi (output, non-TTL compatible) 

MCLKi is a system clock. It is intended to drive 
the Am8052 horizontal and vertical timing circuit¬ 
ry as well as the DMA operations. MCLKi output 
is nominally a square wave divided down from 
the internal dot clock frequency according to the 
CLK-j DR (CLKi Divide Ratio) input. 

CLKi DIVIDE RATIO (inputs (3)) 

CLKi DR are three inputs which control the 
MCLKi divide ratio. The three inputs may be 
programmed to divide the MCLKi signal by two, 
four, six, ..., sixteen. 


2 

CLKi DR 

1 

0 

a(1 ) 

bO) 

L 

L 

L 

1 

1 

L 

L 

H 

2 

2 

L 

H 

L 

3 

3 

L 

H 

H 

4 

4 

H 

L 

L 

5 

5 

H 

L 

H 

6 

6 

H 

H 

L 

7 

7 

H 

H 

H 

8 

8 


CLK2DR 


CLOCK2 (output, non-TTL compatible) 

MCLK 2 is a character display clock. Its function 
is to control the character code and attribute 
data output rate from the appropriate Am8052 
CRTC's ports. 

CLOCK2 DIVIDE RATIO (inputs ( 4 )) 

CLK 2 DR are four Inputs which control an 
Internal divider to divide the dot clock frequency 
by a value from two to seventeen. 


3 

CLK 2 DR 

2 1 

0 



L 

L 

L 

L 

1 

1 

L 

L 

L 

H 

1 

2 

L 

L 

H 

L 

2 

2 

L 

L 

H 

H 

2 

3 

L 

H 

L 

L 

3 

3 

L 

H 

L 

H 

3 

4 

L 

H 

H 

L 

4 

4 

L 

H 

H 

H 

4 

5 

H 

L 

L 

L 

5 

5 

H 

L 

L 

H 

5 

6 

H 

L 

H 

L 

6 

6 

H 

L 

H 

H 

6 

7 

H 

H 

L 

L 

7 

7 

H 

H 

L 

H 

7 

8 

H 

H 

H 

L 

8 

8 

H 

H 

H 

H 

8 

9 


TCLK2 TTL CLOCK2 (output) 

TCLK 2 is a TTL compatible version of MCLK 2 . 

Xi, X 2 / Xi, X 2 /RESET (Inputs, X 2 is non-TTL com- 
RES patible, reset is TTL compatible) 

Xi, X 2 /RES are the external crystal inputs when 
the on-chip oscillator of the VSC is being used. 
The external crystal frequency is multiplied by 
five to produce the on-chip dot clock. If the 
external dot clock option is used, the Xi should 
be tied LOW and X 2 /RES may be used as a 
reset input, to synchronize multiple VSC’s. Note 
that the reset signal should be synchronous to 
the external dot clock. 

X 3 X 3 (input, non-TTL compatible) 

X 3 is used as an input to the on-chip voltage- 
controlled oscillator. When the on-chip oscillator 
of the VSR is being used, X 3 should be connect¬ 
ed to ground by an appropriate capacitor. If the 
external dot clock option is used, X 3 and Xi 
should be tied LOW. 

VSYNC VERTICAL SYNC (Input) 

VSYNC is an input that must be synchronous to 
either MCLKi or MCLK 2 , dependent on the 
SSEL input. If SSEL is HIGH, VSYNC must be 
synchronous to MCLKi. 

VSDLD VERTICAL SYNC DELAYED (output) 

VSDLD Is the delayed output of VSYNC, syn¬ 
chronous to MCLKi or MCLK 2 , depending on 
the setting of SSEL. 

HSYNC HORIZONTAL SYNC DELAYED (Input) 

HSYNC is an input that must be synchronous to 
either MCLKi or MCLK 2 , dependent upon the 
SSEL input. If SSEL is LOW, HSYNC must be 
synchronous to MCLK 2 ; if SSEL is HIGH, 
HSYNC must be synchronous to MCLKi. 

HSDLD HORIZONTAL SYNC (output) 

HSDLD is the delayed output of HSYNC, syn¬ 
chronous to MCLKi or MCLK 2 , depending upon 
the setting of SSEL. 

SSEL SYNC SELECT (Input) 

The SSEL line determines if the VSYNC, HSYNC 
and BLANK are going to be synchronized to the 
MCLKi or MCLK 2 signals. A HIGH on SSEL also 
will resynchronize CLK 2 and CLKi during blanking. 

CBLANK CHARACTER BLANK (input) 

CBLANK forces video output levels (VID 1 , VID 2 , 
VIDOUT and VIDOUT) to switch to the back¬ 
ground color level. 


Note 1: A, B, C, and D are measured in 
EXTDCLK periods. 

(See Reset Timing on page 15). 
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BLANK 


FORE 


REV 


FS 


TBo, TBi 


BLANK (input) 

BLANK is an input normally synchronous to 
MCLKi, although it may be synchronous to 
MCLK 2 in non-proportional spacing applications. 
The active pulse width of BLANK will usually 
overlap the inactive-to-active waveforms of 
HSYNC and VSYNC, as well as the active-to- 
inactive portion of VSYNC. While BLANk is 
active TCLK 2 /MCLK 2 may be forced to synchro¬ 
nize to the MCLKi clock. When BLANK goes 
Inactive, the rising edges of MCLKi and TCLK 2 / 
MCLK 2 must be synchronized in order to pre¬ 
vent "dot walk" in proportional spacing applica¬ 
tions. BLANK active also forces the video output 
level to "blank" regardless of DD, FORE or 
other inputs. 

FOREGROUND VIDEO (input) 

The FORE video input is "OR'ed" with the dot 
data output by the parallel-to-serial shift register 
to switch to the foreground color level (e.g., to 
implement underlines). 

REVERSE (input) 

The REV input causes the foreground color 
levels to be transposed with the background 
color level for the total character period (includ¬ 
ing any tracking blanks). 

FOREGROUND SHIFT (input) 

The FS input causes the shift in the video output 
levels to produce a highlight effect. See Table 1 . 

TRAILING BLANKS (inputs (2)) 

The TB inputs concatenate "blank" video dots 
to the tail end of the dot data contained in the 
parallel-to-serial shift register. TB can be speci¬ 
fied to concatenate 0 , 1 , 2 or 3 dots. The TB 
value is also added to the CLK 2 DR value to 
obtain the total. The combination of all CLK 2 DR 
inputs being High (17 dots) and both TB inputs 
being High (3 trailing blanks) is not allowed. The 
maximum CLK 2 period is 19 dot periods. 


VIDOUT, VIDEO OUTPUT 

VIDOUJ (analog outp uts (2), non-TTL compatible) 

VIDOUT and VIDOUT outputs in a differential 
mode the composite blank, and video dot levels 
to a nominal 75^2 load impedance from switched 
current sources. 


VID 1 , VID 2 VIDEO DIGITAL 

(outputs (2), (8152A-TTL; 8153A-ECL) 

VID 1 and VID 2 are digitally encoded outputs of 
the video out. VID 1 is the least significant bit. 
Encoding is as follows; 



VID 2 

VID 1 


(VID¬ 

(HIGH- 


EO) 

LIGHT) 

Blank Level 

0 

0 

Black 

0 

1 

Grey 

1 

0 

White 

1 

1 


GRLVL GREY LEVEL (input) 

The GRLVL Input adjusts the current level out¬ 
put, via the VIDOUT and VIDOUT outputs, of the 
grey video level. There are two pre-selected grey 
levels; for GRLVL HIGH grey Is brighter, for LOW 
grey Is darker. 


DW DOUBLE WIDTH (inputs) 

The DW input, when active HIGH, causes the 
dot clock supplied to the TCLK 2 /MCLK 2 clock 
divide to be divided by two. This function Is used 
to facilitate doubling the width of a character cell 
matrix in the horizontal direction. The trailing 
blank information is also widened during a dou¬ 
ble width character. 


EXTDCLK EXTERNAL DOT CLOCK 

(Input, 8152A-TTL; 8153A-ECL) 

EXTDCLK is an external, TTL or ECL compatible 
dot clock input for use in multiple Am8152A/53A 
configurations. This signal replaces the Internal 
oscillator function. To enable EXTDCLK both Xi 
and X 3 must be grounded. 


DDo-DDs DOT DATA (inputs (9)) 

The DD inputs accept parallel character dot 
matrix information for serial conversion for video 
output. DD data is accepted at the TCLK 2 / 
MCLK 2 clock rate. DDq is shifted out first. 

BS BACKGROUND SELECT (input) 

The BS input specifies the color level of the 
background video. This input can be overridden 
by BLANK active. 


AADJ ANALOG OUTPUTS CURRENT ADJUST 

(input, non-TTL compatible) 

Analog output current adjust is used for setting 
the analog video output current to 13.3mA. This 
is done by connecting AADJ to \r via an 
applicable 1 % resistor. 
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Am8153A 10K ECL SPECIFICATIONS 



DOTCLOCK GENERATION MODE 

EXTERNAL CLOCK FLOW THROUGH MODE 


Am8152A 



RK CT I 


EXTCLOCK ■ 


Am8153A 

X, *SH»FT-OUT - <EXTCLOCK 

-o 

X2 

X3 

dNOa 

EXTOCLK 

AF002110 


EXTERNAL CLOCK MULTIPLIER MODE 
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CRYSTAL OSCILLATOR MULTIPLIER MODE 


CRYSTAL 



FUNCTIONAL DESCRIPTION 

The Am8152A Video System Controller (VSC) supports both 
black and white and color video applications for CPUs, CRT 
controllers, and terminals. The essential functions of the VSC 
are to support proportional and non-proportional character 
display, to synchronize and mix character attributes with video, 
and to output the video in a four level analog or digital format. 

PARALLEL PIXEL LOADING 

Pixel information that must be serialized for video transmission 
is loaded into the serial shift register via Inputs DDq ~ DDs- 
Information is loaded on both edges of the MCLK 2 character 
clock, as shown in Figure 3. The information set up on DD(0:7) 
prior to the falling edge of MCLK 2 is loaded into positions 
VIDg-VIDie- Note that DDa information is ignored. Informa¬ 
tion set up on DD(0;8) prior to the rising edge of MCLK 2 is 
loaded Into positions VIDq-VIDs. Thus, up to 17 bits of pixel 
Information can be loaded into the shift register. Note that if 
the character width is nine pixels or less the information 
captured on the falling edge of the MCLK 2 is not used. Any 
trailing blank insertion only occurs after the total number of 
pixels for the character have been transmitted. CLK 2 DR (0:3) 
and TB (0:1) determine the divide ratio for the character clock. 



AF002130 

The sum of both values specifies the character clock period in 
dot clocks. During the trailing blank, the VSC shifts out what 
was loaded into the shift register. Therefore, It is the responsi¬ 
bility of the user to insure that the pixels output during the 
trailing blank dot period are set to the blank level. 

VIDEO OPERATION 

Parallel video data is obtained from the character ROM inputs; 
bits are shifted out serially and mixed with attribute information 
such as underline, shifted underline, and any other video 
sources. Video is internally encoded into one of four levels: 
White, Grey, Black and Blank. White is the highest analog 
current level, and Blank is the lowest. This information is then 
output through two ports (see Figure 5/6). One port provides a 
single current source output into a 75f2 impedance and the 
second port outputs either encoded TTL or ECL video on two 
pins. 

There are two distinct blank Inputs to the Am8152A/53A. 
BLANK is the CRTC's horizontal and vertical retrace period 
input which causes a blank output level to the display. 
CBLANK Is an attribute input to selectively blank a character 
cell by forcing the video information for the particular charac¬ 
ter cell period to switch to the selected background color level. 


Figure 3. Shift Register Loading 


VID9 ViDg 


VlOo 


DD7-DD0 


DDg-DDo 


MCLK2 




V 


1 


LOAD DDg-DDo (OHM N) 
INTO VIDg-VIDo 


LOAD DD7 - DDq (CHAR N) 
INTOVIDig-VlDg 


LOAD DDg-DDo (CHAR *^+1) 

INTO VIDg-VIDo 

DF000940 
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SYSTEM TIMING 

The CPU clock (MCLK-j) output is derived from an on-board 
oscillator by an externally programmable divide by two or three 
prescaler and a one to eight decoder. The internal oscillator is 
capable of operating a frequency of up to 100MHz and in a 
fundamental or third harmonic mode. Figure 4 shows the 
output waveform of MCLK-| and MCLK 2 . 

The character clock (MCLK 2 ) output to the CRTC is frequency 
modulated according to the chosen number of dots per 
character cell. The duty cycle of MCLK 2 is 50% (±1 dot clock 
period) and is derived from an internal crystal driven oscillator 
whose divide ratio is set by the width of the character ROM 
plus the number of trailing blanks. A double width input further 
modifies MCLK 2 doubling the character width. During an 
active BLANK input MCLK 2 is internally re-synchronized to 
MCLKi. This action aligns character cells at the left-end side 
of the display thereby eliminating "Dot Walk." The Vertical 
and Horizontal Sync (VSYNC, HSYNC) inputs from the CRT 
controller are buffered and delayed by a MCLKi or MCLK 2 
clock period In order to phase correctly with the character 
video output. 

proportional/variable spacing 

Proportional spacing is achieved by programming on a charac- 
ter-by-character basis, a number of two to twenty dot clock 
period^ per character. The character ROM pixel information is 
selectable from two to seventeen per character. Up to three 
trailing blank pixels can be concatenated to the character 
ROM input, making it easier to provide a straight right margin 
for right justification of text. 

COLOR APPLICATION 

The Am8152A/53A may be used for many high-end color 
display applications. The foreground video and background 
information is mixed by the Am8152A/53A, and the encoded 
TTL video output can be used externally to select a color mix 
for the particular pixel being displayed. The horizontal and 
vertical synchronization, and video blank is output by the 
Am8152A/53A. 


Figure 4. MCLK 1 /MCLK 2 Output Waveform 



VIDEO INPUTS/OUTPUTS 

Video Information may be input in a number of different ways. 
Table 1 depicts all the combinations of video outputs achiev¬ 
able with each of the various inputs. The background color is 
determined by a separate pin input allowing either a black or 
white background. Using the REVERSE VIDEO (REV) input, a 
grey background can also be selected. The foreground then 
becomes black or white according to the signal on the 
foreground SHIFT line. Foreground and video sums can be 
modified depending on the combination of background, fore¬ 
ground shift, and reverse inputs. The user may apply any of his 
video Inputs to the foreground to obtain a desired effect. 

TABLE 1. Am8152A/53A VIDEO ATTRIBUTES 





INPUTS 

Am8152A/53A VIDEO 

BS 

FS 

REV 

CBLANK (DO (0 : 8) -h FORE) 

ATTRIBUTES 

0 

0 

0 

0 




0 

0 

0 

1 




0 

0 

1 

0 


W// 


0 

0 

1 

1 


W/f 


0 

1 

0 

0 


lH 


0 

1 

0 

1 


Q 


0 

1 

1 

0 




0 

1 

1 

1 




1 

0 

0 

0 




1 

0 

0 

1 




1 

0 

1 

0 


w 


1 

0 

1 

1 


M 


1 

1 

0 

0 




1 

1 

0 

1 




1 

1 

1 

1 

1 

1 

0 

1 

- 


. 

r 

i 


TB4 
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Figure 5. Analog Video Outputs and Digital Figure 6. Analog Video Outputs and Digital 

Video Outputs for Am8152A Video Outputs for Am8153A 

5V MIN 8.5V MAX OV MIN—3.5V MAX 




ANALOG ELECTRICAL CHARACTERISTICS (see notes) 

The following conditions apply unless otherwise specified: 

COM'L Ta = 0 to +70°C Vcc = 5.0V ±5% (Min = 4.75V Max = 5.25V) Am8152A: V" = OV Am8153A: V" =-5.2V ±5% 


MIL Tc = -55 to 

+ 125^ Vcc = 

5.0V ±10% (Min = 4.50V Max = 

5.50V) 

> 

0 

II 

!> 

\r =-5.2V±10% 





VIDOUT 

VIDOUT 

Grey 








Level 

VID 2 

VID 1 


Min (%) 

Max (%) 

Min (%) 

Max (%) 

X 

I 

1 

Iwhite 

0 

0 

100 

100 

1 

I 

0 

iGreyl 

37 

44 

56 

63 

0 

I 

0 

*Grey2 

45 

53 

47 

55 

X 

0 

1 

•Black 

90.5 

92.5 

7.5 

9.5 

X 

0 

0 

•Blank 

100 

100 

0 

0 


DRIFT OVER OPERATING CONDITIONS 

(For particular part) 


Grey 

Level 

VID 2 

VID 1 


VIDOUT 

VIDOUT 

X 

1 

I 

•white 

0 

0 

1 

1 

0 

•Greyl 

2% Max 

2% Max 

0 

1 

0 

•Grey2 

2% Max 

2% Max 

X 

0 

I 

•Black 

1% Max 

1% Max 


0 

0 

•Blank 

0 

0 

Notes: 






1. Test Condition: 

Normal Iwhite for VIDOUT + 13.3mA. 

6. Am8152A 


2. Positive current flowing into VIDOUT/VIDOUT. 


V Pull-Up; 8.5V >V Pull-Up >Vcc 

3. tR, tp = 5ns Max. 



VIDOUT/VIDOUT; (V Pull-Up) > VIDOUT/VIDOUT > (Vcc- 1V) 

4. VIDOUT output currents normalized to Iwhite- VIDOUT output 

7. Am8153A 


currents 




V 


normalized 




Pull- 


to 'Blank- 




Up; 

3.5V >V 

Pull- 
Up >0V 


5. Min/Max values for VIDOUT and VIDOUT account for variation 

VIDOUT/VIDOUT: (V Pull-Up) > VIDOUT/VIDOUT 1.0V 

of different devices. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature..0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.....- 55®C to +125®C 

Supply Voltage..+4,5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

Am8152A DC CHARACTERISTICS (See Note 4) 


Parameters 

Description 

Test Conditions (Note 1 ) 

Min 

Typ 

(Note 2) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc * Min 

MCLKi 

MCLK 2 

•oh =-0.1mA 

MIL 

3.6 



Volts 

TTL 

Outputs 

•oh = - 1 niA 
•oh = -2.6mA 

COM'L 

4.0 



Volts 

MIL 

2.4 

3.4 


Volts 

COM’L 

2.4 

3.4 


Volts 

VoL 

Output LOW Voltage 

Vcc “ Min 

IOL = 0 . 1 mA MCLKi /2 



0.3 

Volts 

•OL - 16mA TTL Outputs 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed Input HIGH Voltage 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input LOW Voltage 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc Min, l|N ~ “ 18rnA 



- 1.2 

Volts 

IlL 

Input LOW Current 

Vcc = Max 

ViN = 0.4V 

All Inputs (Except RES, 
EXTDCLK) 



-0.4 

mA 

RES, EXTDCLK 



- 1.0 

mA 

l|H 

Input HIGH Current I 

Vcc = Max 

V|n = 2.7V 

All Inputs (Except RES) 



+ 50 

juA 

RES 



+ 600 


l| 

Input HIGH Current at 

Max Input Voltage 

Vcc = Max 

ViN = 5.5V 



+ 1.0 

mA 

isc 

Output Short Current 
Current (Note 3) 

Vcc = Max 

MCLKi, MCLK 2 

-50 


-250 

mA 

Others 

-40 


-130 

mA 

Icc 

Power Supply Current 

Vcci = Max 
Vcc 2 = Max 

Over Operating Range 



415 

mA 

@ Ta = 70“C 



375 

mA 

@ Tc = 125‘’C 



350 

mA 


Notes: 1. For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 

2 . Typical limits are at Vcc = 5.0V, 25‘’C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Except ; Xi, X 2 , X 3 , AADJ, VIDOUT, VIDOUT. 


ABSOLUTE MAXIMUM RATINGS 


storage Temperature....-65®C to +150®C 

Supply Voltage to Ground Potential 

Continuous. .-0.5V to +7.0V 

DC Voltage Applied to Outputs for 

High Output State..-0.5V to +Vcc 

DC Input Voltage.-0.5V to +5.5V 

DC Output Current into Outputs.30mA 

DC Input Current.... .-30mA to + 5.0mA 
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Am8153A DC CHARACTERSTICS (See Note 4) 


The following conditions apply unless othenvise specified: 

COM'L Ta = 0 to +70^ Vcc = 5.0V ±5% (Min = 4.75V Max = 5.25V) V =-5.2V ±5% (Min =-4.94V Max =-5.46V) 
MIL Tc = -55 to +125°C Vcc = 5.0V ±10% (Min = 4.50V Max = 5.50V) V" =-5.2V ±10% (Min =-4.68V Max =-5.72V) 


Parameters 

Description 

Test Conditions (Note 1) 

Min 

Typ 

(Note 2) 

Max 

Units 

Vqh 

Output HIGH Voltage 

Vcc = Min 

MCLKi 

MCLK 2 

•oh = -0.1mA 

MIL 

3.6 



Volts 

COM'L 

4.0 



Volts 

TTL 

Outputs 

•oh = -ImA 

Iqh = -2.6mA 

MIL 

2.4 

3.4 


Volts 

COM'L 

2.4 

3.4 


Volts 

VOL 

Output LOW Voltage 

Vcc = Min 

•OL“ 0.1mA MCLK 1/2 



0.3 

Volts 

•OL 1TTL Outputs 



0.5 

Volts 

V|H 

Input HIGH Level 

Guaranteed Input HIGH Voltage 

2.0 



Volts 

V|L 

Input LOW Level 

Guaranteed Input LOW Voltage 



0.8 

Volts 

V| 

Input Clamp Voltage 

Vcc = Min, Iin^-ISi^A 



- 1.2 

Volts 

l|L 

Input LOW Current 

Vcc = Max 

V|N = 0.4V 

All Inputs (Except RES) 



-0.4 

mA 

RES 



- 1.0 

mA 

'l|H 

Input HIGH Current 

Vcc = Max 

V|N = 2.7V 

All Inputs (Except RES) 



+ 50 

pA 

RES 



+ 600 

luA 

ll 

Input HIGH Current at 

Max Input Voltage 

Vcc = Max 

ViN = 5.5V 



+ 1.0 

mA 

isc 

Output Short Current 
Current (Note 3) 

Vcc = Max 

MCLKi, MCLK 2 

-50 


-250 

mA 

Others 

-40 


-130 

mA 

IKCO 

Power Supply Current 

II II 

T- CNJ 

88 
> > 

Over Operating Range 



410 

mA 

@ TA^yox 



370 

mA 

@ Tc = 125“C 



345 

mA 

r 

Power Supply Current 

V- = Max 

Over Operating Range 



40 

mA 

@ Ta = 70“C 



37 

mA 

@ Tc= 125X 



35 

mA 


Notes: 1. For conditions shown as Min or Max use the appropriate value specified under DC Characteristics for the applicable device type. 

2. Typical limits are at Vcc = 5.0V, 25®C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. Except: Xi, X 2 . X 3 , AADJ, VIDOUT, VIDOUT, VID 1 , VID 2 , EXTDCLK. 


DC CHARACTERISTICS 


COM'L 

Ta 

= 0 to 70X 

Vcc = 5.0V ±5% GND 

= 0V 

V- =-5.2V 

±5% (Max = -5.46 

Min = -4.94) 

MIL 

Tc 

= -55 to 125‘’C 

Vcc = 5.0V ±10% GND 

= 0V 

V- =-5.2V ±10% (Max = -5.72 

Min = -4.68) 




Test 









Parameters 

Conditions 

-55“C 

0“C 

25°C 

70"C 

125“C 

Unit 

10K ECL 
Outputs 

Vqh (Max) 

50n 

-880 

-840 

-780 

-720 

-630 

mV 

Vqh (Min) 

to -2V 

-1080 

-1000 

-930 

-900 

-825 

mV 

VOHA (Min) 


-1100 

-1020 

-950 

-920 

-845 

mV 

VID 1 and 

VID 2 

VoLA (Max) 

son 

-1635 

-1645 

-1600 

-1605 

-1525 

mV 

VOL (Max) 

> 

CVI 

0 

-1655 

-1665 

-1620 

-1625 

-1545 

mV 

VoL (Min) 


-1920 

-1870 

-1850 

-1830 

-1820 

mV 

10K ECL 


V|H (Max) 


-880 

-840 

-780 

-720 

-630 

mV 

Input 


ViHA (Min) 


-1255 

-1145 

-1105 

-1045 

-1000 

mV 

EXTDCLK 

Vila (Max) 


-1510 

-1490 

-1475 

-1450 

-1400 

mV 

V|L (Min) 


-1920 

-1870 

-1850 

-1830 

-1820 

mV 



l|H 

V-=Max 

V|N = V|H (Max) 

200 

200 

200 

200 

200 

mA 



•iL 

V-»Max 

V|N = V|L (Min) 

150 

150 

150 

150 

150 

mA 
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SWITCHING TEST CIRCUIT 


MCLK 1 /MCLK 2 OUTPUT TTL OUTPUTS 

EXCEPT TCLK 2 


TCLK 2 OUTPUT 



ECL OUTPUTS 


ANALOG OUTPUTS 


FROM 

ECL 

OUTPUT 


ECL 


2 son 

J -2.0V 

TC000570 


ANALOG 



TC000550 
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Am8152A SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

(Ta = 0 to 70°C, Vcc = 5.0V ±5%, V = OV) 

Number 

Description 


Min 

Max 

Units 

1 

MCLKi Period 


100 


ns 

2 

CLK 2 Period 


70 


ns 

3 

MCLKi HIGH (See Note 5) 

4.0V 

38 


ns 

4 

MCLKi LOW (See Notes 3 and 5) 

0.3V 

38 


ns 

5 

MCLK 2 HIGH (See Note 6) 

4.0V 

23 


ns 

6 

MCLK 2 LOW (See Notes 3 and 6) 

0.3V 

23 


ns 

7 

Data to MCLK 2 /TCLK 2 RE (See Note 1) 


20 


ns 

8 

MCLK 2 /TCLK 2 to Data Not Valid 


0 


ns 

9 

VSYNC/HSYNC to MCLKi RE Setup (SSEL = HIGH) 


20 


ns 

10 

VSYNC/HSYNC to MCLK 2 RE Setup (SSEL = LOW) 


20. 


ns 

11 

TCLK 2 RE to MCLK 2 RE Delay 



8 

ns 

12 

TCLK 2 FE to MCLK 2 FE Delay 



12 

ns 

13 

MCLKi to VSLD, HSLD (SSEL = HIGH) 


. 

6 + Td 

ns 

14 

TCLK 2 to VSLD, HSLD (SSEL = LOW) 



6 + Td 

ns 

15 

DD(0:7) to TCLK 2 FE - - 

■ " 

20 


ns 

16 

TCLK 2 RE to VID 1 VID 2 VAL (See Note 2) , . 



6 + To 

ns 

17 

BLANK FE to MCLK 2 RE Setup (SSEL = LOW) 

. . 

20 


ns 

18 

BLANK FE to MCLKi FE Setup (SSEL** HIGH). 


20 


ns 

19 

BLANK RE to MCLKi RE Setup (SSEL « HIGH) 


20 


ns 

20 

BLANK RE to MCLK^ RE Setup (SSEL ^ LOW) 


20 


ns 

22 

VID 1 to Vig^^elliygliP^ 


-5 

+ 5 

ns 

24 

EXTDCLK to MOLK 1 . 



20 

ns 


EXTDCLK to TCLK 2 



13 

ns 

26 

EXTDCLK to MCLK 2 



23 

ns 

27 

EXTDCLK to VID 1 /VID 2 



13 

ns 

28 

E)(TDCLK to HSDLD/VSDLD (SSEL HI) 



13 

ns 

29 

EXTDCLK to HSDLD/VSDLD (SSEL LO) 

. 


13 

ns 

30 

EXTDCLK to Data in Setup 


9 


ns 

31 

EXTDCLK to Data Not Valid Hold 


11 


ns 

32 

EXTDCLK to H/V SYNC Setup 


10 


ns 

33 

EXTDCLK Period 


16.6 


ns 

34 

EXTDCLK LOW Cycle 


5 


ns 

35 

EXTDCLK HIGH Cycle 


5.0 


ns 

36 

Reset Pulse Width (High) 


10.0 


ns 

37 

Reset Low to EXTDCLK Setup 


8.0 


ns 

Notes: 1. Data includes CBUNK, FORE, REV, FS, DDo-DDe, TBO, TB1, BS, CLKiDR, CLK 2 DR, DW. 




2. First Pixel of character. Tp is pixel period as defined by oscillator frequency. 




3. Max undershoot on these outputs is guaranteed to be -0.3V. 




4. Td is the dot clock period. 




5. Guaranteed to 100ns MCLKi cycle time. 




6. Guaranteed to 70ns MCLK 2 cycle time (even divide ratio only). 
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Am8153A SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

(Ta = 0 to 70X, Vcc = 5.0V ±5%, V" = -5.2V ±5%) 

Number 

Description 


Min 

Max 

Units 

1 

MCLKi Period 


100 


ns 

2 

CLK 2 Period 


70 


ns 

3 

MCLKi HIGH (See Note 5) 

4.0V 

38 


ns 

4 

MCLKi LOW (See Notes 3 and 5) 

0.3V 

38 


ns 

5 

MCLK 2 HIGH (See Note 6) 

4.0V 

23 


ns 

6 

1 MCLK 2 LOW (See Notes 3 and 6) 

0.3V 

23 


ns 

7 

Data to MCLK 2 /TCLK 2 RE (See Note 1) 


20 + Td 
(S ee Note 4) 


ns 

8 

MCLK 2 /TCLK 2 to Data Not Valid 


0 


ns 

9 

VSYNC/HSYNC to MCLKi RE Setup (SSEL » HIGH) 


20 + To 


ns 

10 

VSYNC/HSYNC to MCLK 2 RE Setup (SSEL = LOW) 




ns 

11 

TCLK 2 RE to MCLK 2 RE Delay 



1 . ® 

ns 

12 

TCLK 2 FE to MCLK 2 FE Delay 



12 

ns 

13 

MCLKi to VSLD, HSLD (SSEL = HIGH) 



6 

ns 

14 

TCLK 2 to VSLD. HSLD (SSEL = LOW) 



6 

ns 

15 

DD(0;7) to TCLK 2 FE . t: “ ^ " 


20 + Td 


ns 

16 

TCLK 2 RE to VID 1 VID 2 VAL (See Note 2) " 



6 

ns 

■i-T 

' BLANK FE to MCLK 2 RE Setup 1^' 


20 + Td 


ns 

18 

BLANK FE to MCLKi FE Setup (SSEL ^ HIGH), ' ' / 


20 + Td 


ns 

19 

BLANK RE to MCLKi Rf.,Se^ (SSEL = HIGH^i . '' ' 


20 + Td 


ns 

20 

BLANK RE to MCLKg Setup fesEL - LOW) 


20 + Td 


ns 

21 

VID 1 to VID 2 Skew ^ ^ 


-2 

+ 2 

ns 

24 

EXTDCLK to MCLKi 



20 

ns 

25 

jXTDbLK'tP-TCLi4 ''' 



10 

ns 

26 

IxT® K tq: MCLK 2 



23 

ns 

27 

EXTDCLK to VID 1 /VID 2 



8 

ns 

28 

EXTDCLK to HSDLD/VSDLD (SSEL HI) 



10 

ns 

29 

EXTDCLK to HSDLD/VSDLD (SSEL LO) 



10 

ns 

30 

EXTDCLK to Data in Setup 

. i 

9 


ns 

31 .. 

EXTDCLK to Data Not Valid Hold 


11 


ns 

32 

EXTDCLK to H/V SYNC Setup 

i 

10 


ns 

33 

EXTDCLK Period 


10 


ns 

34 

EXTDCLK LOW Cycle 


5 


ns 

35 

EXTDCLK HIGH Cycle 


3.5 


ns 

36 

Reset Pulse Width (High) 


10.0 


ns 

37 

Reset Low to EXTDCLK Setup 


8.0 


ns 


Notes; 1. Data includes CBLANK, FORE, REV. FS, DDo-DDs, TBO. TB1. BS, CLKiDR. CLK 2 DR, DW. 

2. First Pixel of character. Tp is pixel period as defined by oscillator frequency. 

3. Max undershoot on these outputs is guaranteed to be -0.3V. 

4. Td is the dot clock period. 

5. Guaranteed to 100ns MCLKi cycle time. 

6. Guaranteed to 70ns MCLK 2 cycle time (even divide ratio only). 
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8284A/8284A-1 

Clock Generator and Driver for 8086, 8088 Processors 


DISTINCTIVE CHARACTERISTICS 


• Generates the System Clock for the 8086, 8088 Proces¬ 
sors: 5MHz, 8MHz with 8284A; 10MHz with 8284A-1 

• Uses a crystal or a TTL signal for frequency source 

• Provides local READY and Multibus* READY synchroni¬ 
zation 


• Generates system reset output from Schmitt trigger 
input 

• Capable of clock synchronization with other 8284As 


GENERAL DESCRIPTION 

The 8284A is a single chip clock generator/driver for the trolled oscillator, a divide-by-three counter, complete MUL- 

8086, 8088 processors. The chip contains a crystal-con- TIBUS* "Ready" synchronization and reset logic. 


BLOCK DIAGRAM 



RELATED PRODUCTS 


Part No. 

Description 

Am8086 

16-Bit Microprocessor 

8288 

Bus Controller 


Multibus is a registered trademark of Intel Corp. 
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CONNECTtON DIAGRAM 
Top View 


CSYNC C 

7"^ 

18 

□ Vcc 

PCLK C 

2 

17 

□ Xl 

AlN^C 

3 

16 

□ *2 


4 

15 

3 

READY Q 

5 Oe284A 

14 

□ efi 

RDYaC 

6 

13 

□ F/C 

AEN^C 

7 

12 

□ osc 

CLK □ 

8 

11 

□ 

GNO □ 

9 

10 

□ RESET 




CD001580 


Note: Pin 1 is marked for orientation 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


M D 8284 A B 

I—Screening Option 

Blank-Standard processing 
B-Burn-in 


'— Speed 

5MHz I 

8MHz [ CLOCK 5 Frequency 

10MHz J 

— Device Type 

Clock Generator and Driver 


1 Valid Combinations | 

MD 

P 

D 

8284A 

MD 

D 

8284AB 

D 

8284A-1 

8284A-1B 

Dice 

8284AXM 

8284AXC 


'— Package 

D ~ 18-pin CERDIP (D-18-1) 
X - Dice 


Temperature Range 
C - Commercial (0®C to + 70®C) 
M-Military (-55°C to +125^*0) 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 

Pin No. 

Name 

I/O 

Description 

3, 7 

^ 1 , 

AEN 2 

1 

Address Enable. The AEN signal is used to qualify the Bus Ready signal (RDYi or RDY 2 ). AENi validates RDYi while 
AEN 2 validates RDY 2 . It is possible for the processor to access two Multi-Master System Busses if you use both 
signals. Both signals are tied LOW in non Multi-Master Systems. 

4, 6 

RDYi, 

RDY 2 

1 

Bus Ready. These signals are indications from a device located on the system bus that it is available or data has been 
received. RDY-i and RDY 2 are qualified by AENi and AEN 2 respectively. 

15 

A^YNC 

1 

Ready Synchronous Select. The ASYNC signal defines the synchronization mode of the READY logic. When ASYNC 
is open (internal pull-up resistor is provided) or pulled HIGH, there is one stage of READY Synchronization. When 
ASYNC is LOW, there are two stages of READY Synchronization. 

5 

READY 

0 

Ready. READY is the synchronized RDY signal input. After the guaranteed hold time to the processor has been met, 
the READY signal is cleared. 

7, 16 

Xi,X2 

1 

Crystal In. These are the input pins for the attached crystal. The crystal frequency is 3 times the desired process clock 
frequency. 

13 

F/C 

1 

Frequency/Crystal Select. When F/'S is strapped HIGH, CLK is generated from the EFI input. When strapped LOW, 
the F/C allows the processor clock to be generated by the crystal. 

14 

EFI 

1 

External Frequency. Used in conjunction with a HIGH signal on F/C, CLK is generated from the input frequency 
appearing on this pin. The input signal is a square wave 3 times the frequency of the desired CLK output. 

8 

CLK 

0 

Processor Clock. CLK is the clock output used by the processor and all devices which directly connect to the 
processor’s local bus (including bipolar support chips and other MOS devices). An output HIGH of 4.5V (Vcc = 5V) is 
provided on this pin to drive MOS devices. The output frequency of CLK is 1 /3 of the crystal on EFI input frequency 
and a 1/3 duty cycle. 

2 

PCLK 

0 

Peripheral Clock. This signal is a TTL level peripheral clock signal whose output frequency is 1 /2 that of CLK and has 
a 50% duty cycle. 

12 

OSC 

0 

Oscillator Output. This signal is the TTL level output of the internal oscillator circuitry. Its frequency is equal to that of 
the crystal. 

11 

RE§ 

1 

Reset In. This signal is used to generate a RESET. The 8284A provides a Schmitt trigger input so that an RC 
connection can be used to establish the power-up reset of proper duration. 

10 

RESET 

0 

Reset. This signal is used to reset the 8086 family processors. 

1 

CSYNC 

1 

Clock Synchronization. This signal is designed to allow multiple 8284As to be synchronized to provide clocks that are 
in phase. CSYNC HIGH will reset the internal counters, when CSYNC goes LOW the counters will resume counting. 
CSYNC needs to be externally synchronized to EFI. When used with the internal oscillator, CSYNC should be hard 
wired to ground. 

DETAILED DESCRIPTION 

OSCILLATOR 

The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which 
the operating frequency is derived. 

The crystal frequency should be selected at three times the 
required CPU clock. X-j and X 2 are the two crystal input crystal 
connections. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals can be 
derived from this stable, crystal-controlled source. 

Two 510^2 series resistors are optional for systems which 
have a Vcc ramp time greater than (or equal to) 1 V/ms and/or 
inherent board capacitance between Xj or X 2 exceeding 
lOpF. This capacitance value should not include the 8284A's 
pin capacitance. By limiting the stray capacitance to less than 

10pF on Xi or X 2 , the deviation from the desired fundamental 
frequency is minimized. 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide-by-three 
counter with a special clear Input that Inhibits the counting. 
This clear input, (CSYNC), allows the output clock to be 
synchronized with an external event (such as another 8284A 
clock). It Is necessary to synchronize the CSYNC input to the 

EFI clock external to the 8284A (see Figure 1). This is 
accomplished with two Schottky flip-flops. The counter output 
is a 33% duty cycle clock at one-third the input frequency. 

The F/C input is a strapping pin that selects either the EFI 
input or the crystal oscillator as the clock for the ^ 3 counter. If 
the EFI input is selected as the clock source, the oscillator 
section can be used independently for another clock source. 
Output is taken from OSC. 

CLOCK OUTPUTS 

The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the 8086 or 8088 processors directly. PCLK 
is a TTL level peripheral clock signal whose output frequency 
is 1/2 that of CLK. PCLK has a 50% duty cycle. 

RESET LOGIC 

Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset 
timing. 

The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset by 
utilizing this function of the 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDYi, RDY 2 ) are provided to accommo¬ 
date two Multi-Master system busses. Each input has a 
qualifier (AENi and AEIM 2 , respectively). The AEN signals 
validate their respective RDY signals. If a Multi-Master system 
is not being used the AEN pin should be tied LOW. 

To assure RDY setup and hold times are met, synchronization 
is required for all asynchronous active going edges of either 
RDY input. Inactive-going edges of RDY (In normally ready 
systems) do not require synchronization, but must satisfy RDY 
setup and hold as a matter of proper system design. 

The two modes of RDY synchronization operation are defined 
by the ASYNC input. 

When ASYNC is LOW, two stages of synchronization are 
provided for active RDY Input signals. Positive-going asyn¬ 
chronous RDY inputs will first be synchronized to flip-flop one 
at the rising edge of CLK and then synchronized to flip-flop 
two at the next falling edge of CLK; after which time the 
READY output will go active (HIGH). Negative-going asynchro- 
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nous RDY inputs will be synchronized directly to flip-flop two at 
the falling edge of CLK, after which time the READY output will 
go inactive. This mode of operation is intended for use by 
asynchronous, (normally not ready), devices in the system 
which cannot be guaranteed by design to meet the required 
RDY setup timing tRivCL on each bus cycle. 

When ASYNC is high or left open, the first READY flip-flop Is 
bypassed in the READY synchronization logic. RDY inputs are 


synchronized by flip-flop two on the falling edge of CLK before 
they are presented to the processor. This mode is available for 
synchronous devices that can be guaranteed to meet the 
required RDY setup time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 


Figure 1. CSYNC Synchronization 



CLOCK HIGH AND LOW TIME (USING Xi, X 2 ) 



Rl =R2=510Q. 


CLOCK HIGH AND LOW TIME (USING EFI) 



AF000620 
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AF000640 


Rl = R 2 — 510f2. 

READY TO CLOCK (USING EFI) 



AF 000610 


Notes: 1. Cl = 100pF 
2. Cl = 30pF 
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ABSOLUTE MAXIMUM RATINGS 

Storage Temperature..-65®C to +150®C 

Ambient Temperature with Powers 
Applied 

(COML, A-1).....0"C to +70"C 

(MIL)..-55°C to +125^ 

All Output and Supply Voltages.-0.5V to +7.0V 

All Input Voltage..*.-1.0V to +5.5V 

Power Dissipation..1W 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

If 

Forward Input Current (ASYNC) 

Vp = 0.45V 


-1.3 

mA 

Other Inputs 

Vp = 0.45V 


-0.5 

Ir 

Reverse Input Current (A^YNC) 

Vh - V'cc 


50 

mA 

Other Inputs 

Vr = 5.25V 


50 

Vc 

Input Forward Clamp Voltage 

Ic = - 5mA 


-1.0 

Volts 

•cc 

Power Supply Current 



162 

mA 

ViL 

Input LOW Voltage 



0.8 

Volts 

V|H 

Input HIGH Voltage 


2.0 


Volts 

V|HR 

Reset Input HIGH Voltage 


2.6 


Volts 

VoL 

Output LOW Voltage 

5mA 


0.45 

Volts 

VOH 

Output HIGH Voltage CLK 

-1mA 

4.0 

2.5 

Volts 

Other Outputs 

-1mA 

2.4 


V|HR-V|LR 

RES Input Hysteresis 


0.25 


Volts 


OPERATING RANGES 

Commercial (C) Devices 

Temperature..0®C to +70X 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature. .-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 
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SWITCHING TESTING CIRCUIT 
(CLK, READY) 


SWITCHING TESTING CIRCUIT 
(CLK, READY) 


SWITCHING TESTING WAVEFORM 
(input, output) 



.ZXEEEEXZ 


WF001870 


TC000670 


TC000680 


Cl = 100pF for CLK 
Cl = 30pF for READY 


Cl= 100pF 


AC testing inputs are driven at 2.4V for 
a logic ”1” and 0.45V for a logic "O". 
Timing measurements are made at 1.5V 
for both a logic "1" and "0". 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


TIMING REQUIREMENTS 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tEHEL 

External Frequency HIGH Time 

90% - 90%V|n 

13 



ns 

tELEH 

External Frequency LOW Time 

10% - 10%V|N 

13 



ns 

tELEL 

EFI Period 

MIL (Note 1) 

tEHEL + tELEH + § 



ns 

COM’L, A-1 

33 




XTAL Frequency 


12 


25 

MHz 

Irwcl 

RDY-i, RDY 2 Active Setup to CLK 

ASYNC = HIGH 

35 



ns 

tRIVCH 

RDYi, RDY 2 Active Setup to CLK 

ASYNC = LOW 

35 



ns 

tRIVCL 

RDYi, RDY 2 Inactive Setup to CLK 


35 



ns 

tCLRIX 

RDYi, RDY 2 Hold to CLK 


0 



ns 

tAYVCL 

ASYNC Setup to CLK 


50 



ns 

tCLAYX 

ASYNC Hold to CLK 


0 



ns 

tA1VR1V 

AEnT. A^ Setup to RDYi, RDY 2 


15 



ns 

tCLAlX 

ASnT, A^ Hold to CLK 


0 



ns 

tYHEH 

CSYNC Setup to EFI 


20 



ns 

tEHYL 

CSYNC Hold to EFI 

MIL 

20 



ns 

COM’L. A-1 

10 



tYHYL 

CSYNC Width 


2-tELEL 



ns 

tllHCL 

^ Setup to CLK 

(Note 2) 

65 



ns 

tCLhH 

RE§ Hold to CLK 

(Note 2) 

20 



ns 

tiLIH 

Input Rise Time 

From 0.8V to 2.0V 



20 

ns 

tiLIL 

Input Fall Time 

From 2.0V to 0.8V 



12 

ns 
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TIMING RESPONSES 


Parameters 

Description 

Test Conditions 

Min 

Typ 

Max 

Units 

tCLCL 

CLK Cycle Period 

MIL, COM'L 

125 



ns 

A-1 

100 



tCHCL 

CLK HIGH Time 

MIL. COM’L 

(1/3 tcLCL) + 2 



ns 

A-1 

39 



tCLCH 

CLK LOW Time 

MIL, COM'L 

(2/3 tcLCL)-15 



ns 

A-1 

53 



tCH1CH2 

CLK Rise or Fall Time 

1.0V to 3.5V 



10 

ns 

tCL2CL1 

tPHPL 

PCLK HIGH Time 


0 

CM 

1 

0 



ns 

tPLPH 

PCLK LOW Time 


tCLCL - 20 



ns 

tRYLCL 

Ready Inactive to CLK (See Note 4) 


-8 



ns 

tRYHCH 

Ready Active to CLK (See Note 3) 

MIL, COM'L 

(2/3 tcLCL) - 15 



ns 

A-1 

53 



tCLlL 

CLK to Reset Delay 




40 

ns 

tCLPH 

CLK to PCLK HIGH Delay 




22 

ns 

tCLPL 

CLK to PCLK LOW Delay 




22 

ns 

tOLCH 

OSC to CLK HIGH Delay 


-5 


22 

ns 

♦OLCL 

OSG to CLK LOW Delay 


2 


35 

ns 

tOLOH 

Output Rise Time (except CLK) 

From 0.8V to 2.0V 



20 

ns 

tOHOL 

Output Fall Time (except CLK) 

From 2.0V to 0.8V 



12 

ns 


Notes: 1. 6 = EFI rise (5ns max) + EFI fall (5ns max). 

2. Setup and hold necessary only to guarantee recognition at next clock. 

3. Applies only to T 3 and Tw states. 

4. Applies only to T 2 states. 

SWITCHING WAVEFORMS 


CLOCKS AND RESET SIGNALS 



Note: All timing requirements are made at 1.5 volts, unless otherwise noted. 
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8286/8287 

Octal Bus Transceivers 


DISTINCTIVE CHARACTERISTICS 


• Data bus buffer/driver for 8086, 8088, 8080A, 8085A, 
and 8048 processors 

• Fully parallel 8-bit transceivers; 8286 is noninverting 

8287 is inverting 

• 3-state inputs/outputs for interfacing with bus-oriented 
systems 


• Available in 20-pin, 0.3" center molded DIP or ceramic 
package 

• Advanced bipolar Schottky processing 

• Bus port stays in hi-Impedance state during power up/ 
down transition 


GENERAL DESCRIPTION 


The 8286 and 8287 are 8-blt 3-state bipolar Schottky 
transceivers. They provide bidirectional drive for bus- 
oriented microprocessor and digital communications sys- 
te.ms. Straight through bidirectional transceivers are fea¬ 
tured, with 16mA drive capability on the A ports and 32mA 
bus drive capability on the B ports. PNP inputs are 
incorporated to reduce Input loading. 


One input, Transmit/Receive determines the direction of 
logic signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing them 
in a 3-siate condition. Chip Disable is functionally the same 
as an active LOW chip select. 



BLOCK DIAGRAM 

8286 * 

Aj A3 




CHIP 

DISABLE 

(CO) 





UUiB 




®7 

BD 0012201 


*8287 has inverting transceivers 


RELATED PRODUCTS 


PART NO 

DESCRIPTION 

2946/47 

Octal Bus Transceivers 

2948/49 

Octal Bus Transceivers 

8086 

16-Blt Microprocessor 
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CONNECTION DIAGRAM LOGIC SYMBOL 

Top View 


Vcc ®0 ®2 ®3 ®4 ®5 ®6 ®7 T/R 

HD nnn . nnnnn 

20 19 18 17 16 15 14 13 12 11 


1 2 3 4 5 


U U Ll U lJ U □ U U' □" 

Aq a, Aj A 3 A4 A5 A^ Ay CO GNO 

CD001500 


1 2 3 4 5 



Note: Pin 1 is marked for orientation 


8286 


METALLIZATION AND PAD LAYOUT 

8287 



DIE SIZE .069" X .089" 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number Is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


8286 

M D 8287 B 

I— Screening Option 

Blank-Standard processing 
B-Burn-ln 

— Device Type 

Octal Bus Transceivers 


'— Package 

D-20-pin CERDIP (D-20-1) 

P - 20-pln plastic DIP (P-20-1) 
X - Dice 


Valid Combinations 

MD 

D 

P 

XM, XC 

8286 

MD 


D 

8286B 

P 


P 

XC 

8287 

P 

8287B 


Temperature Range 
C - Commercial (0®C to + 70°C) 
M- Military (-55X to +125°C) 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 


< 

I 

I/O 

A port inputs/outputs are receiver output drivers when T/R is Low and are transmit inputs when T/R 
is HIGH. 


ffl 

1 

o 

m 

I/O 

B port inputs/outputs are transmit output drivers when T/R is HIGH and receiver inputs when T/R is 
LOW. 

9 

CD 

1 

Chip Disable forces all output drivers into 3-state when HIGH (same function as active LOW chip 
select, CS). 

11 

T/R 

1 

Transmit/Receiver direction control determines whether A port or B port drivers are in 3-state. With 


T/R HIGH, A port is the input and B port is the output. With T/R LOW, A port is the output and B port 
is the input. 




ABSOLUTE MAXIMUM RATINGS 

storage Temperature.-65®C to +150®C 


Supply Voltage.+ 7.0V 

Input Voltage. +5.5V 

Output Voltage.+ 5.5V 

Lead Temperature (Soldering, 10 seconds).300°C 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70‘’C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125°C 

Supply Voltage.+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

Vc 

Input Clamp Voltage 


Ic = -5mA 


-1 

Volts 

Icc 

Power Supply Current 

8287 



130 

mA 

8286 



160 

If 

Forward Input Current 


Vf = 0.45V 


-0.2 

mA 

Ir 

Reverse Input Current 


Vr = 5.25V 


50 

^lA 

VoL (COM'L) 

Output Low Voltage 

B Outputs 

Iql = 32mA 


.45 

Volts 

A Outputs 

Iql ~ 16mA 


.45 

VoL (MIL) 

Output Low Voltage 

B Outputs 

Iql = 20mA 


.45 

Volts 

A Outputs 

Iql = 10mA 


.45 

VOH 

Output High Voltage 

B Outputs 

IOH = -5mA 

2.4 


Volts 

A Outputs 

lOH = -1 fTiA 

2.4 


lOFF 

Output Off Current 


VoFF = 0.45V 


If 



VoFF = 5.25V 


Ir 


V,L 

Input Low Voltage 

A Port 

Vcc = 5.0V (See note 1) 


0.8 

Volts 

B Port 

Vcc = 5.0V (See note 1) 


0.9 

V|H 

Input High Voltage 


Vcc = 5.0V (See note 1) 

2.0 


Volts 

C|N 

Input Capacitance 


F = 1MHz 

VbiAS = 2.5V, Vcc = 5V 

Ta = 25'’C 


12 

pF 


OPERATING CHARACTERISTICS 
Output Delay versus Capacitance 
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SWITCHING TEST CIRCUITS 


300pF 


3-STATE TO Vot 
TC0006lb 


2.UV (2.01V) 


lOOfrf^ 


3-STATE TO Vq. 


TC000620 


$2.70 (780) 


300pF 


SWITCHING 

TC000630 


B OUTPUT 


A OUTPUT 


B OUTPUT 


?fe300pF 


3-STATE TO Vq, 


3-STATE TO Vqh 
TC000590 


2.28V (2.22V) 


^ 1140 (1770) 


?felOOpF 


SWITCHING 

TC000600 


B OUTPUT A OUTPUT 

Values in parenthesis reflect MIL temp, conditions. 


A OUTPUT 


SWITCHING CHARACTERISTICS (See Note 2) 


Parameters 

Description 






TIVOV 

Input to Output Delay 

inverting 


5 


WEM 


Non-inverting 


5 


HEEH 

TEHTV 

Transmit/Receive Hold Time 



5 



ns 

TTVEL 

Transmit/Receive Setup 



10 



ns 

TEHOZ 

Output Disable Time 



3 


18 

ns 

TELOV 

Output Enable Time 



10 

10 

30 

ns 


Input, Output Rise Time 








Input, Output Fall Time 





12 



Notes: 1. COM'L temperature loading conditions 

MIL temperature loading conditions 
2. Refer to waveforms and SWITCHING TEST CIRCUITS on 
following pages. 


B outputs: loL “ 32mA, Iqh = -5mA, Cl = 300pF 
A outputs: loL=*16nnA, CL® iOOpF 

B outputs: II = 20mA, IqH = -5mA, Cl = 300pF 
A outputs: loL“ fOrnA, loH = -1mA, Cl-100pF 
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8288 

Bus Controller 


DISTINCTIVE CHARACTERISTICS 

• Bipolar drive capability 

• 3-state output drivers 


• Multi-master or I/O bus interface 

• Flexible system configurations 


GENERAL DESCRIPTION 

The 8288 optimizes 8086 or 8088 operations by providing The 8288 is implemented in bipolar technology in a 20-pin 
command and control timing generation when the CPU is in DIP. 
maximum mode. It provides for highly flexible configura¬ 
tions for larger systems. It also adds powerful bipolar drive 
capability to the system. 


BLOCK DIAGRAM 


CPU 

STATUS 


§“0 

Si 


I CLX 
AEN 
CEN 
lOB 



+5V 


GND 


BD001570 


03358B 
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CONNECTION DIAGRAM 
Top View 



ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following; 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


C D 8288 B 

I—Screening Option 

Blank - Standard Processing 
B - Burn-in 

— Device Type 
Bus Controller 


Valid Combinations 

D 

8288 

8288B 


'— Package 

D~ 20-pin CERDIP (D-20-1) 
X~ Dice 

Temperature Range 
C - Commercial (0®C to +70®C) 


Valid Combinations 

Consult the AMD sales office in your area to 
determine if a device is currently available in the 
combination you wish. 
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PIN DESCRIPTION 


Pin No. 

Name 

I/O 

Description 

19, 3, 18 

§0 . S f, §2 

1 

Status. These signals are the status input pins from the microprocessor. The 8288 decodes these inputs to generate 
command and control signals. 

2 

CLK 

1 

Clock. Clock signal from the clock generator. 

5 

ALE 

0 

Address Latch Enable. This signal strobes an address into the address latches. The latching occurs on the falling 
edge (HIGH to LOW) transition. , 

16 

DEN 

o 

Data Enable. This signal enables the data transceivers onto the data bus (local or system). 

4 

DT/R 

0 

Data Transmit/Receive. This signal determines the direction of data flow through the transceivers. 

6 


1 

Address Enable. This signal enables the 8288 command outputs at least 115ns after it becomes active LOW. When 
this pin goes inactive, it 3-states the command output drivers. 

15 

CEN 

1 

Command Enable. This signal, when LOW, enables all command outputs and the DEN and PDEN control outputs are 
forced to their inactive states. 

1 

lOB 

1 

Input/Output Bus Mode. When strapped HIGH, the 8288 functions in the I/O Bus mode. When LOW, the 8288 
functions in the System Bus mode. 

12 

AlOwC 

0 

Advanced l/d) Write Command. The AlOwC gives I/O devices early indication of a write instruction by issuing an I/O 
Write Command earlier in the machine cycle. 

11 

lOwC 

0 

l/d Write. This signal tells an I/O device to read the data on the data bus. 

13 

isrc 

0 

l/d Read. This signal tells an I/O device to drive its data onto the data bus. 

8 

>TOvC 

0 

Advanced Memory Write. The AMWC gives memory devices an early indication of a write instruction by issuing a 
memory write command earlier in the machine cycle. 

9 

MWTC 

0 

Memory Write. This signal instructs the memory to record the data present on the data bus. 

7 


0 

Memory Read. This signal instructs the memory to drive its data onto the data bus. 

14 

InTa 

0 

Interrupt Acknowledge. This signal informs the interrupting device that Its interrupt has been acknowledged and drives 
the vectoring information onto the data bus. 

17 

MCE/ 

PDEN 

0 

Master Cascade Enable/ Peripheral Data Enable. Dual Function pin: MCE (lOB LOW): This signal occurs during an 
interrupt sequence. Its function is to read a Cascade Address from a master Priority Interrupt Controller onto the data 
bus. PDEN (lOB HIGH): This signal enables the data bus transceiver for the I/O Bus during I/O instructions. It 
performs the same function for the I/O Bus that DEN performs for the system bus. 


DETAILED DESCRIPTION 

COMMAND AND CONTROL LOGIC 

The command logic decodes the three CPU status lines (§o. 
Si , S 2 ) to determine what command is to be Issued. 


This chart shows the meaning of each status "word." 


S2 

Si 

so 

Processor State 

8288 

Command 

0 

0 

1 

Interrupt Acknowledge 

IFJTA 

0 

0 

1 

Read I/O Port 

iORC 

0 

1 

0 

Write I/O Port 

lOWC, AlOWC 

0 

1 

1 

Halt 

None 

1 

0 

0 

Code Access 

MRDC 

1 

0 

1 

Read Memory 

MRDC 

1 

1 

0 

Write Memory 

MWTC, AMWC 

1 

1 

1 

Passive ' 

None 


I/O BUS MODE 

The 8288 is put Into the I/O Bus mode by strapping the lOB 
pin HIGH. This mode allows one 8288 Bus Controller to 
handle two external buses. This allows the CPU to access the 
I/O Bus with no w aiting i nvolve d . In the I /O Bus Mode, all I/O 
command lines (INTA, lORC, lOWC, AlOWC) are always 
enabled. When the processor initiates an I/O Comma nd, the 
8288 immediately activates the command lines using PDEN 
and DT/R to control the I/O bus transceiver. There is no 
arbitration present in this system, so the I/O command lines 
should not be used to control the system bus. Normal memory 
access requires a "Bus Ready" signal (AEN LOW) before it 
will proceed. The lOB mode is recommended if I/O or 


peripherals dedicated to one processor exist in a multiproces¬ 
sor based system. 

SYSTEM BUS MODE 

The 8288 is put into the System Bus mode by strapping the 
lOB pin LOW. This mode is used when only one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration i s assu med, and this logic will inform the bus 
controller via the AEN line when the bus is free for use. Both I/ 
O commands and memory wait for bus arbitration. 

COMMAND OUTPUTS 

To prevent the processor from entering unnecessary wait 
states, the advanced write commands initiate Write procedures 
early in the machine cycle. 

The c ommand outputs are; 

MRDC - Memory Read Command 

MWTC - Memory Write Command 

lORC - I/O Read Command 

lOWC - I/O Write Command 

AMWC - Advanced Memory Write Command 

AlOW C - Advanced I/O Write Command 

INTA - Interrupt Acknowledge 

INTA (Interrupt Acknowledge) acts as an I/O read during an 
interrupt cycle. Its purpose is to inform an interrupting device 
that its Interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 

CONTROL OUTPUTS 

The Data Enable (DEN), Data Transmit/Receive (DT/R) and 
Master Cascade Enable/Peripheral Data Enable (MCE/ 
PDEN) are the control outputs of the 8288. The DEN signal 
determines when the external bus should be enabled onto the 
local bus while the DT/R determines the direction of the data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 
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The MCE/PDEN function is det ermined by the lOB selection. 
When lOB is HIGH the PDEN senses as a dedicated data 
enable signal for the I/O or Peripheral System Bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal Is used during an interrupt acknowledge Cycle 
if the 8288 is in the System Bus mode (lOB Low). An interrupt 
sequence consists of two Interrupt acknowledge cycles occur¬ 
ring back to back. No data or address transfers take place 
during the first cycle. Logic should be provided to mask off 
MCE during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Controller’s 
(PIC) cascade address onto the processor's local bus where 
ALE (Address Latch Enable) strobes it into the address 
latches. On the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto the system 
data bus where it is read by the processor. 


The MCE signal is not used if the system only contains one 
PIC. If this Is the case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address injo ^e 
address latches. ALE also serves to strobe the status (Sq, S-|, 
Sa) Into a latch for halt state decoding, 

COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin Is HIGH the 8288 
functions normally. If the CEN pin is pulled LOW, all command 
lines are held In their Inactive state (not 3-state). This feature 
can be used to implement memory partitioning and to elimi¬ 
nate address conflicts between system bus devices and 
resident bus devices. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature. .. 0®C to + 70®C 

Supply Voltage. .+ 4.76V to + 5.25V 

Military (M) Devices 

Temperature.-65®C to +125®C 

Supply Voltage.. .+ 4.5V to + 5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

Vc 

Input Clamp Voltage 

Ic = -5mA 


-1 

V 

Icc 

Power Supply Current 



230 

mA 

If 

Forward Input Current 

Vf = 0.45V 


-0.7 

mA 

Ir 

Reverse Input Current 

1 

It 

cc 

> 


50 

pA 

V'OL 

Output Low Voltage 

Command Outputs 

!OL = 32mA 


0.5 

V 

Control Outputs 

•OL = 16mA 


0.5 

V 

VoH 

Output High Voltage 

Command Outputs 

lOH = -5mA 

2.4 


V 

Control Outputs 

lOH =-1niA 

2.4 


V 

V|L 

Input Low Voltage 



0.8 

V 

V|H 

Input High Voltage 


2.0 


V 

lOFF 

Three-State Leakage 

VoFF = 0.4 to 5.25V 


100 

pA 


ABSOLUTE MAXIMUM RATINGS 


storage Temperature. ..... - 65°C to +150®C 

Temperature (Ambient) Under Bias...0®C to +70®C 

All Output and Supply Voltages.-0.5V to +7.0V 

All Input Voltage..... .-1.0V to +5.5V 

Power Dissipation ...1.5W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
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SWITCHING TEST CIRCUIT 

3-State to High Command Output Test Load Control Output Test Load 

UV 2.14V 2.28V 

i8oa "^52.70 ^mn 

OUT 0— H 1 OUT O—H I OUT O < • 

-= 300pF isOOpF ?^80pF 

TC000810 TC000800 TC000790 

SWITCHING TEST INPUT, OUTPUT WAVEFORM 

Input/Output 

~X'—-—•X~ 

WF001870 

AC Testing: Inputs are driven at 2.4V for a logic "1” and 0.45V for a logic "0." The clock is driven at 4.3V 
and 0.25V. Timing measurements are made at 1.5V for both a logic ”1" and "0." 

SWITCHING CHARACTERISTICS (Ta = + 25‘>C, Vcc = 5.0V) 

Parameters 

Description 

Test Conditions 

Min 

Max 

Units 

Timing Requirements | 

TCLCL 

CLK Cycle Period 


100 


ns 

TCLCH 

CLK Low Time 


50 


ns 

TCHCL 

CLK High Time 


30 


ns 

TSVCH 

Status Active Setup Time 


35 


ns 

TCHSV 

Status Active Hold Time 


10 


ns 

TSHCL 

Status Inactive Setup Time 


35 


ns 

TCLSH 

Status Inactive Hold Time 


10 


ns 

TILIH 

Input Rise Time 

From 0.8V to 2.0V 


20 

ns 

TIHIL 

Input Fall Time 

From 2.0V to 0.8V 


12 

ns 

Timing Responses | 

TCVNV 

Control Active Delay 


5.0 

45 

ns 

TCVNX 

Control Inactive Delay 

10 

45 

ns 

TCLLH 

TCMCH 

ALE MCE Active Delay (from CLK) 


20 

ns 

TSVLH 

TSVMCH 

ALE MCE Active Delay (from Status) 


20 

ns 

TCHLL 

ALE Inactive Delay 

MRDC 

io^ 

MWTC 

ioWC 

IrTfA 

lOL = 32mA 
•oh =-5mA 

Cl = 300pF 

Iql = 16mA 
•oh = -1 -OfTiA 

Cl = 80pF 

4.0 

15 

ns 

TCLML 

Command Active Delay 

10 

35 

35 

ns 

ns 

TCLMH 

Command Inactive Delay 

10 

TCHDTL 

Direction Control Active Delay 


50 

ns 

TCHDTH 

Direction Control Inactive Delay 


30 

ns 

TAELCH 

Command Enable Time 

AMWC 


40 

ns 

TAEHCZ 

Command Disable Time 

AlOWC 

Other 

.. 

40 

ns 

TAELCV 

Enable Delay Time 

115 

200 

ns 

TAEVNV 

AEN to DEN 

. 

20 

ns 

TCEVNV 

CEN to DEN, PDEN 


25 

ns 

TCELRH 

CEN to Command 


TCLML 

ns 

TOLOH 

Output Rise Time 

From 0.8V to 2.0V 


20 

ns 

TOHOL 

Output Fall Time 

From 2.0V to 0.8V 


12 

ns 

_________■... 
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SWITCHING WAVEFORMS 


AOORESS/DATA 



MR DC, lORC, »NTA 

xnwc, irswi^ 


-g^(REAO) 

(INTA) 


56iij(«EAD) 

(INTA) 


P-.^(REAO) 

(INTA) 


Notes: 1. Address/data bus is shown only for reference purposes. 

2 . Leading edge of ALE and MCE Is determined by the falling edge of CLK or status going active, 
whichever occurs last. 

3. All timing measurements are made at 1.5V unless specified otherwise. 
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SWITCHING WAVEFORMS (Cont.) 
DEN, PDEN QUALIFICATION TIMING 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



Note: CEN must be low or valid prior to T 2 to prevent the command from being generated. 
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PROMs, BIPOLAR RAMS, MOS STATIC RAMs 
20 PIN AND 24-PIN PALS, 

MOS LSI PERIPHERALS 

VERY HIGH SPEED DATA ACQUISITION 


MEMORIES, 

PALS, 

MOS PERIPHERALS, 
ANALOG 


Am29100 

CONTROtLI 


PACKAGING, ORDERING INFORMA1 
TESTING, QUALITY ASSURANCE/Gl 
GATE COUNTS, DIE SIZES, RELIABI 
INFORMATION ON MILITARY DEVIC 


GENERAL 

INFORMATION 



































PALs, PROMs, 

MOS and Bipolar RAMs, 
MOS Peripherals, 
Analog and Data Acquisition 


Bipolar PROM Functional Index and Selection Guide. 12-1 

Bipolar Memory RAM Functional Index and Selection Guide.12-3 

MOS Memory Functional Index and Selection Guide....12-5 

AMD 20-Pin PAL* Family 20-Pln IMOX^*^ Programmable Array Logic Element.12-6 

MOS Microprocessor Family Selector Guide.12-20 


Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 
testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 








Bipolar PROM 

Functional Index and Selection Guide 


Part Number 

Organization 

Access Time 
COM'L/MiL 
Max 

COM'L/MIL 

Max 

Output 

Number 
of Pins 

Packages 

Comments 

Am27LS18’ 


50/65 

80/80 

oc 

16 

D.P.F.L 

Low power 

Am27LS19^ 

32x8 

50/65 

80/80 

3S 

16 

D.P.F.L 

Am27S18 

32x8 


115/115 

OC 

16 

D.P.F.L 


Am27S18A 

32x8 

25/35 

115/115 

OC 

16 

D.P.F.L 


Am27S19 

32x8 

40/50 

115/115 

3S 

16 

D.P.F.L 


Am27S19A 

32x8 

25/35 

115/115 

3S 

16 

D.P.F.L 


Am27S20 

256x4 

45/60 

130/130 

OC 

16 

D.P.F.L 


Am27S20A 

256x4 

30/40 

130/130 

OC 

16 

D.P.F.L 


Am27S21 

256x4 

45/60 

130/130 

3S 

16 

D.P.F.L 


Am27S21A 

256x4 

30/40 

130/130 

3S 

16 

D.P.F.L 


Am27S12 

512x4 

50/60 

130/130 

OC 

16 

D.P.F.L 


Am27S12A 

512x4 

30/40 

130/130 

OC 

16 

D.P.F.L 


Am27S13 

512x4 

50/60 

130/130 

3S 

16 

D.P.F.L 


Am27S13A 

512x4 

30/40 

130/130 

3S 

16 

D.P.F.L 


Am27S15 

512x8 

60/90 

175/185 

3S 

24 

D.P.F.L 


Am27S25 

512x8 

N.A.2/N.A.2 

185/185 

3S 

24 

D.P.F.L 

Output registers. 

THINDIP Pkg^ 

Am27S25A 

512x8 

N.A.VN.A.'^ 

185/185 

3S 

24 

D.P.F.L 

Output registers. 

THINDIP Pkg® 

Am27S27 

512x8 

N.A.VN.A.2 

185/185 

3S 

22 

D.P.L 

Output registers 

Am27S28 

512x8 

55/70 

160/160 

OC 

20 

D.P.L 


Am27S28A 

512x8 

35/45 

160/160 

OC 

20 

D.P.L 


Am27S29 

512x8 

55/70 

160/160 

3S 

20 

D.P.L 


Am27S29A 

512x8 

35/45 

160/160 

3S 

20 

D.P.L 


Am27S30 

512x8 


175/175 

OC 

24 

D.P.F.L 


Am27S30A 

512x8 

35/45 

175/175 

OC 

24 

D.P.F.L 


Am27S31 

512x8 

55/70 

175/175 

3S 

24 

D.P.F.L 


Am27S31A 

512x8 

35/45 

175/175 

3S 

24 

D.P.F.L 


Am27S32 

1024 x4 

55/70 

140/145 

OC 

18 

D.P.F.L 


Am27S32A 

1024x4 

35/45 

140/145 

OC 

18 

D.P.F.L 

Ultra fast 

Am27S33 

1024x4 

55/70 

140/145 

3S 

18 

D.P.F.L 


Am27S33A 

1024x4 

35/45 

140/145 

3S 

18 

D.P.F.L 

Ultra fast 

Am27S35 

1024x8 

N.A.VN.A.2 

185 

3S 

24 

D.P.F.L 

Output registers, 
asynchronous initialize. 
THINDIP Pkg^ 

Am27S35A 

1024x8 

n.a.Vn.a/ 

185 

3S 

24 

D.P.F.L 

Ultra fast, output 
registers, asynchronous 
initialize. THINDIP Pkg® 

Am27S37 

1024x8 

N.A.VN.A.2 

185 

3S 

24 

D.P.F.L 

Output registers 
synchronous initialize, 
THINDIP Pkg® 

Am27S37A 

1024x8 

N.A.VN.A.'* 

185 

3S 

24 

D.P.F.L 

Ultra fast, output 
registers, synchronous 
initialize, THINDIP Pkg® 

Am27S180 

1024x8 

60/80 

185/185 

OC 

24 

D.P.F.L 


Am27S180A 

1024x8 

35/50 

185/185 

OC 

24 

D.P.F.L 

Ultra fast 

Am27S181 

1024x8 

60/80 

185/185 

3S 

24 

D.P.F.L 


Am27S181A 

1024x8 

35/50 

185/185 

3S 

24 

D.P.F.L 

Ultra fast 

Am27PS181 

1024x8 

80/90 

185/80® 

3S 

24 

D.P.F.L 

Power switched 

Am27PS181A 

1024x8 

65/75 

185/80® 

3S 

24 ' 

D.P.F.L 

Power switched 

Am27S280 

1024x8 

60/80 

185/185 

OC 

24 

D.P.F.L 

THINDIP Pkg® 

Am27S280A 

1024x8 

35/50 

185/185 

OC 


D.P.F.L 

Ultra fast, THINDIP 

Pkg3 

Am27S281 

1024x8 

60/80 

185/185 

3S 

24 

D.P.F.L 

THINDIP Pkg® 
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Bipolar PROM 


Part Number 

Organization 

Access Time 
COM'L/MIL 
Max 

•cc 

COM'L/MIL 

Max 

Output 

Number 
of Pins 

Packages 

Comments 

Am27S281A 

1024x8 

35/50 

185/185 

3S 

24 

d,p,f,l 

Ultra fast, THINDIP Pkg^ 

Am27PS281 

1024 X 8 

80/90 

185/80® 

3S 

24 

D,P,F,L 

Power switched, 

THINDIP Pkg® 

Am27PS281A 

1024x8 

, 

65/75 

185/80® 

3S 

24 

D.P.F.L 

Ultra fast, power 
switched, 

THINDIP Pkg® 

Am27S184 

2048 X 4 

50/55 

150/150 

OC 

18 

D.P.F.L 


Am27S184A 

2048 X4 

35/45 

150/150 

OC 

18 

D,P,F,L 

Ultra fast 

Am27S185 

2048 X 4 

50/55 

150/150 

3S 

18 

D,P,F,L 


Am27S185A 

2048 X 4 

35/45 

150/150 

3S 

18 

D.P.F.L 

Ultra fast 

Am27LS184 

2048 X 4 

60/65 

120/125 

OC 

18 

D.P.F.L 

Low power 

Am27LS185 

2048 X 4 

60/65 

120/125 

3S 

18 

D,P,F,L 

Low power 

Am27PS186 

2048 X 4 

60/65 

150/75® 

3S 

18 

d.p.f.l 

Power switched 

Am27S190 

2048 X 8 

50/65 

185/185 

OC 

24 

D.P.F.L 


Am27S190A 

2048 X 8 

35/50 

185/185 

OC 

24 

d,p,f,l 

Ultra fast 

Am27S191 

2048 X 8 

50/65 

185/185 

3S 

24 

d,p,f,l 


Am27S191A 

2048 X 8 

35/50 

185/185 

3S 

24 

d,p,f,l 

Ultra fast 

Am27PS191 

2048 X 8 

65/75 

185/80® 

3S 

24 

D.P.F.L 

Power switched 

Ani27PS191A 

2048 X 8 

50/65 

185/80® 

3S 

24 

D.P.F.L 

Ultra fast, power 
switched 

Am27S290 

2048 X 8 

50/65 

185/185 

OC 

24 

D.P.F.L 

THINDIP Pkg® 

Am27S290A 

2048 X 8 

35/50 

185/185 

OC 

24 

D.P.F.L 

Ultra fast, THINDIP Pkg® 

Am27S291 

2048 X 8 

50/65 

185/185 

3S 

24 

D.P.F.L 

THINDIP Pkg^ 

Am27S291A 

2048 X 8 

35/50 

185/185 

3S 

24 

D.P.F.L 

Ultra fast, THINDIP Pkg^ 

Am27PS291 

2048 X 8 

65/75 

185/80® 

3S 

24 

D.P.F.L 

Power switched, 

THINDIP Pkg® 

Am27PS291A 

2048x8 

50/65 

185/80® 

3S 

24 

D.P.F.L 

Ultra fast, power 
switched 

THINDIP Pkg® 

Am27S40 

4096 X 4 

50/65 

165/170 

OC 

20 

D.P.L 


Am27S40A 

4096 X 4 

35/50 

165/170 

OC 

20 

D.P.L 

Ultra fast 

Am27S41 

4096 X 4 

50/65 

165/170 

3S 

20 

D.P.L 


Am27S41A 

4096 X 4 

35/50 

165/170 

3S 

20 

D.P.L 

Ultra fast 

Am27PS41. 

4096 X 4 

50/65 

170/85® 

3S 

20 

D.P.L 

Power switched 

Am27S43 

4096 X 8 

55/65 

185 

3S 

24 

D.P.F.L 


Am27S43A 

4096x8 

40/55 

185 

3S 

24 

D.P.F.L 

Ultra fast 

Am27PS43 

4096 X 8 

N.A. 

N.A. 

3S 

24 

D.p.f.l 

Power switched 

Ann27S45 

2048 X 8 

N.A.2 

185/185 

3S 

24 

D.P.L 

Output registers, 
asynchronous initialize, 
THINDIP Pkg® 

Am27S45A 

2048x8 

N.A.'* 

185/185 

3S 

24 

D.P.L 

Ultra fast, output regis¬ 
ters, 

asynchronous initialize, 
THINDIP Pkg® 

Am27S47 

2048 X 8 

N.A.2 

185/185 

3S 

24 

D.P.L 

Output registers, 
synchronous initialize, 
THINDIP Pkg® 

Am27S47A 

2048 X 8 

N.A.'* 

185/185 

3S 

24 

D.P.L 

Ultra fast, output regis¬ 
ters, 

synchronous initialize, 
THINDIP Pkg3 

Am27S65 

1024x4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S65A 

1024x4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S75 

2048 X 4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S75A 

2048 X 4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S85 

4096 X 4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S85A 

4096x4 

N.A. 

185/185 

3S 

24 

D.P 


Am27S49 

8192x8 

55/65 

190/190 

3S 

24 

D.P.L 


Am27S49A 

8192x8 

40/55 

190/190 

3S 

24 

D.P.L 


Notes; 1. Replaces Am27LS08/09 

2. Contains built-in pipeline registers: nominal address to clock setup time = 35ns (typ), clock to output = 20ns (typ). 

3. 300-mil lateral pin spacing. 

4. Contains built-in pipeline registers: nominal address to clock setup time = 25ns (typ), clock to output = 15ns (typ). 

5. Icc are power up and power down current limits respectively. 
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Bipolar Memory RAM 

Functional Index and Selection Guide 


BIPOLAR ECL RAM 







Part Number 

Organization 

Access Time 
COM'L/MIL 
Max 

Iee 

COM'L/MIL 

Max 

ECL 

Series 

Number 
of Pins 

Packages 

Comments 

Am10415SA 

1024x1 

15/20 

-150/-165 

10K 

16 

D.P.F.L 


Ami 0415A 

1024x1 

20/25 

-150/-165 

10K 

16 

d,p,f,l 


Ami 0415 

1024 X 1 

35/40 

-150/-165 

10K 

16 

D.P.F.L 


Ami 00415A 

1024 X 1 

15/- 

-150/- 

100K 

16 

D,P,F,L 


Ami 00415 

1024 X 1 

20 /- 

-150/- 

100K 

16 

d.p.f.l 


Am10470SA 

4096 X 1 

15/20 

-230/-255 

10K 

18 

D,F\L 


Am10470A 

4096 X 1 

25/30 

o 

CVJ 

CVJ 

o 

o 

CO 

10K 

18 

D.FM 


Ami 0470 

4096 X 1 

35/40 

o 

CM 

CM 

O 

O 

CM 

10K 

18 

D,F\L 


Am100470SA 

4096 X 1 

15/- 

-230/- 

100K 

18 

d,f\l 


Am100470A 

4096 X 1 

25/- 

-195/- 

100K 

18 

D,F\L 


Ami 00470 

4096 X 1 

35/- 

-195/- 

100K 

18 

d,f\l 


Am10474A 

1024x4 

15/20 

-230/-255 

10K 

24 

D,F,L 


Ami 0474 

1024x4 

25/30 

-230/-220 

10K 

24 

D,F,L 


Am100474A 

1024x4 

15/- 

-230/- 

100K 

24 

D.F.L 


Ami 00474 

1024x4 

25/- 

-200/- 

100K 

24 

D.F.L 


Ami 0480 

16384x1 

25/- 

-200/- 

10K 

20 

D.F.L 


Am10480A 

16384x1 

15/- 

-230/- 

10K 

20 

D.F.L 


Ami 00480 

16384x1 

25/- 

-200/- 

100K 

20 

D.F.L 


Am100480A 

16384x1 

15/- 

-230/- 

100K 

20 

D.F.L 


Note: 1. For Flat Package, Consult Factory. 
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Bipolar Memory RAM 




Bipolar Memory RAM 


BIPOLAR TTL RAM 


Part Number 

. 

Organization 

Access Time 
COM'L/MiL 
Max 

ice 

COM'L/MIL 

Max 

Output 

Number 
of Pins 

Packages 

(Note 1) 

Comments 

Am27S02A 

16x4 

25/30 

100/105 

oc 

16 

D,P,F,L 

Ultra Fast 

Am27S03A 

16x4 

25/30 

100/105 

3S 

16 

D,P,F,L 

Am27S02 

16x4 

35/50 

105/105 

OC 

16 

D.P.F.L 


Am27S03 

16x4 

35/50 

125/125 

3S 

16 

D.P.F.L 


Am27LS02 

16x4 

55/65 

35/38 

OC 

16 

D.P.F.L 

Low Power 

Am27LS03 

16x4 

55/65 

35/38 

3S 

16 

D.P.F.L 

Am74/54S289 

16x4 

35/50 

105/105 

OC 

16 

D.P.F.L 


Am74/54S189 

16x4 

35/50 

125/125 

3S 

16 

D.P.F.L 


Am27S06A 

16x4 

25/30 

100/105 

OC 

16 

D.P.F.L 

Noninverting Outputs 

Am27S07A 

16x4 

25/30 

100/105 

3S 

16 

D.P.F.L 

Am27S06 

16x4 

35/50 

100/105 

OC 

16 

D.P.F.L 

Am27S07 

16x4 

35/50 

100/105 

3S 

16 

D.P.F.L 

Am27LS06 

16x4 

55/65 

35/38 

OC 

16 

D.P.F.L 

Noninverting Outputs, 

Low Power 

Am27LS07 

16x4 

55/65 

35/38 

3S 

16 

D.P.F.L 

Am3101A 

16x4 

35/50 

100/105 

OC 

16 

D.P.F.L 


Am3101-1 

16x4 

35/50 

100/105 

OC 

16 

D.P.F.L 

Write 

Transparent^ 

Am3101 

18x4 

50/60 

100/105 

OC 

16 

D.P.F.L 

Am31L01A 

16x4 

55/65 

35/38 

OC 

16 

D.P.F.L 

Low Power 

Write Transparent^ 

Am31L01 

16x4 

80/90 

35/38 

OC 

16 

D.P.F.L 

Am74/5489-1 

16x4 

35/50 

100/105 

OC 

16 

D.P.F.L 

Write Transparent^ 

Am74/5489 

16x4 

50/60 

100/105 

OC 

16 

D.P.F.L 

Am27LS00A 

256 X 1 

35/45 

115/115 

3S 

16 

D.P.F.L 

Ultra Fast 

Am27LS01A 

256x1 

35/45 

115/115 

OC 

16 

D.P.F.L 

Am29705A 

16x4 

28/30 

210/210 

3S 

28 

D.P.F.L 


Am29707 

16x4 

28/30 

210/210 

3S 

28 

D.P.F.L 


Am27LS00 

256x1 

45/55 

70/70 

3S 

16 

D.P.F.L 

Fast, Low Power 

Am27LS01 

256x1 

45/55 

70/70 

OC 

16 

D.P.F.L 

Am27LS00-1A 

256x1 

35/45 

115/115 

3S 

16 

D.P.F.L 

Noninverting Outputs 

Am27LS01-1A 

256 X 1 

35/45 

115/115 

OC 

16 

D.P.F.L 

Am27LS00-1 

256x1 

45/55 

70/70 

3S 

16 

D.P.F.L 

Am27LS01-1 

256 X 1 

45/55 

70/70 

OC 

16 

D.P.F.L 

Am93415A 

1024x1 

30/40 

155/170 

OC 

16 

D.P.F.L 

Ultra Fast 

Am93425A 

1024x1 

30/40 

155/170 

3S 

16 

D.P.F.L 

Am93415 

1024x1 

1 

45/65 

155/170 

OC 

16 

D.P.F.L 


Am93425 

1024x1 

45/65 

155/170 

3S 

16 

D.P.F.L 


Am93412A 

256 X 4 1 

35/45 

155/170 

OC 

22 ^ 

D.P.F.L 

Ultra Fast 

Am93422A 

256x4 

35/45 

155/170 

3S 

22 ^ 

D.P.F.L 

Am93412 

256 X 4 

45/60 

155/170 

OC 

223 

D.P.F.L 


Am93422 

256 X 4 

45/60 

155/170 

3S 

223 

D.P.F.L 


Am93L412A 

256 X 4 

45/55 

80/90 

OC 

22 ^ 

D.P.F.L 

Low Power 

Am93L422A 

256x4 

45/55 

80/90 

3S 

223 

D.P.F.L 

Am93L412 

256 X 4 

60/75 

80/90 

OC 

223 

D.P.F.L 

Am93L422 

256x4 

60/75 

80/90 

3S 

223 

D.P.F.L 

Am93L425A 

1024x1 

45/55 

65/75 

3S 

16 

D.P.F.L 



Notes: 1. D = Hermetic DIP,P = Molded DIP.F = Cerpak,L * Chip-Pak^''^ _ _ 

2. Complement of data in is available on the outputs in the write mode when both CS and WE are low. 

3. Cerpak (F) is 24 pin. 


Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Functional Index and Selection Guide 


IK STATIC RAMS 

Part 

Organization 

Access 

Power Dissipation(mW) 

Pins 

Supply 
Voltage (V) 

Temp 

Package 

Number 

Time(ns) 

. 

Standby 

Active 

Range 

Am9122-25 

256 X 4 

25 

_ 

660 

22 

5 

c 


Am9122-35 

256x4 

35 

- 

660 

22 

5 

C.M 


Am91L22-35 

256x4 

35 

- 

440 

22 

5 

C 


Am91L22-45 

256x4 

45 

- 

440 

22 

5 

C,M 


Am9122-60 

256x4 

60 

- 

248 

22 

5 

C 


4K STATIC RAMS 

Part 

Organization 

Access 

Power Dissipation(mW) 

Pins 

Supply 

Temp 

Package 

Number 

Time(ns) 

Standby 

Active 

Voltage (V) 

Range 

Am2147-35 

4096 X 1 

35 

165 

990 

18 

5 

c 

D 

Am2147-45 

4096 X 1 

45 

165 

990 

18 

5 

M 

D,L 

Am2147-55 

4096 X 1 

55 

165 

990 

18 

5 

C,M 

D.L 

Am2147-70 

4096 X 1 

70 

110 

880 

18 

5 

C.M 

D,L 

Am21L47-45 

4096 X 1 

45 

83 

688 

18 

5 

C 

D 

Am21 L47-55 

4096 X 1 

55 

83 

688 

18 

5 

C 

D 

Am2148-55 

1024x4 

55 

165 

990 

18 

5 

C,M 

D,L 

Am2148-35 

1024x4 

35 

165 

990 

18 

5 

C 

D,L 

Am2148-45 

1024x4 

45 

165 

990 

18 

5 

C,M 

D.L 

Am2148-70 

1024x4 

70 

165 

990 

18 

5 

C.M 

D.L 

Am2149-35 

1024x4 

35 

N/A 

990 

18 

5 

C 

D 

Am21L48-45 

1024x4 

45 

110 

688 

18 

5 

C 

D.L 

Am2149-45 

1024x4 

45 

N/A 

990 

18 

5 

C,M 

D 

Am21L49-45 

1024x4 

45 

N/A 

688 

18 

5 

c 

D,L 

Am21L48-55 

1024x4 

55 

110 

688 

18 

5 

C 

D,L 

Am21L49-55 

1024x4 

55 

N/A 

688 

18 

5 

C 

D.L 

Am21L48-70 

1024x4 

70 

110 

688 

18 

5 

C 

D.L 

Am21L49-70 

1024x4 

70 

N/A 

688 

18 

5 

C 

D,L 

Am9150-25 

1024x4 

25 

N/A 

990 

24 

5 

C 

D 

Am9150-35 

1024x4 

35 

N/A 

990 

24 

5 

C,M 

D 

Am9150-45 

1024x4 

45 

N/A 

990 

24 

5 

C,M 

D 

16K STATIC RAMS 

Part 

Organization 

Access 

Power Dissipation(mW) 

Pins 

Supply 

Temp 

Package 

Number 

Time(ns) 

Standby 

Active 

Voltage (V) 

Range 

Am9128-10 

2048 X 8 


165 

660 

24 

5 

c 

D,P 

Am9128-70 

2048 X 8 

70 

165 

770 

24 

5 

c 

D,P 

Am9128-90 

2048 X 8 

90 

165 

990 

24 

5 

M 

D 

Am2167-35 

16384X 1 

35 

165 

660 

20 

5 

C 

D,P 

Am2167-45 

16384x1 

45 

83 

660/880 

20 

5 

C,M 

D.P 

Am2167-55 

16384x1 

55 

83 

660 

20 

5 

C,M 

D,P 

Am2167-70 

16384x1 

70 

165 

660 

20 

5 

C,M 

D,P 

Am2168-45 

4096 x 4 

45 

165 

550 

20 

5 

C 

D,P 

Am2168-55 

4096 X 4 

55 

165 

550 

20 

5 

C,M 

D,P 

Am2168-70 

4096 X 4 

70 

165 

550 

20 

5 

C,M 

D,P 

Am2169-45 

4096 X 4 

45 

NA 

550 

20 

5 

C 

D,P 

Am2169-55 

4096 X 4 

55 

NA 

550 

20 

5 

C,M 

D.P 

Am2169-70 


70 

NA 

550 

20 

5 

C.M 

D.P 


<8 
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AMD 20-Pm PAL* Family 


AMD 20-Pin PAL* Family 

20"Pin IMOX™ Programmable Array Logic Elements 


DISTINCTIVE CHARACTERISTICS 


Fast 

- High speed "A" versions 

(tpd = 25ns, ts = 20ns, tco = 15ns, max) 

- Standard speed versions 

(tpd = 35ns, ts = 30ns, tco “ 25ns, max) 

Flexible 

- User programmability allows customized designs 

- Eases design updates in prototype or product 


Low Cost 

- Reduces board space/chip count 

- Reduces design time 

- Reduces inventory cost 
Reliable 

- Proven Platinum-Silicide fuse technology 

- Fully AC and DC tested 

- Preload of output registers allows full logical testing 


GENERAL DESCRIPTION 


AMD PALs are high speed electrically programmable array 
logic elements. They utilize the familiar sum-of-products 
(AND-OR) structure allowing users to program custom logic 
functions to fit most applications precisely. 

Initially the AND gates are connected, via fuses, to both the 
true and complement of every input. By selective program¬ 
ming of fuses the AND gates may be "connected'' to only 
the true input (by blowing the complement fuse), to only the 
complement input (by blowing the true fuse), or to neither 
type of input (by blowing both fuses) establishing a logical 
"don't care," When both the true and complement fuses 


are left intact a logical false results on the output of the 
AND gate. An AND gate with all fuses blown wili assume 
the logical true state. The outputs of the AND gates are 
connected to fixed OR gates. The only limitations imposed 
are the number of inputs to the AND gates (up to 16) and 
the number of AND gates per OR (up to 8). 

The part types in the AMD PAL family are differentiated by 
the allocation of registered (with internal feedback) and 
combinatorial (bi-directional and dedicated) outputs. All 
combinatorial AMD PALs are available in both active HIGH 
(AND-OR) and active LOW (AND-OR-INVERT) versions. 


AMD PAL FAMILY CHARACTERISTICS 

All members of the AMD PAL family have common electri¬ 
cal characteristics and programming procedures. All parts 
in this family are produced with a fusible link at each input 
to the AND gate array. Connections may be selectively 
removed by applying appropriate voltages to the circuit. 

All parts are fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing 
an easily implemented programming algorithm, these prod¬ 
ucts can be rapidly programmed to any customized pattern. 
Extra test words are pre-programmed during manufacturing 
to insure extremely high field programming yields (> 98%), 
and provide extra test paths to achieve excellent paramet¬ 
ric correlation. 


Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non- 
conductive gaps that ensure very stable, long term reliabili¬ 
ty. Extensive operating testing has proven that this low- 
field, large-gap technology offers the best reliability for 
fusible link programmable logic. 

The AMD PAL family is manufactured using Advanced 
Micro Devices' selective oxidation process, IMOX, This 
advanced process permits an increase in density and a 
decrease in internal capacitance resulting in the fastest 
possible programmable logic devices. 

The AMD PAL family also incorporates the unique capabili¬ 
ty of preloading the output registers during testing to any 
desired value. Preload is invaluable when testing the logical 
functionality of a programmed AMD PAL. 


AMD PAL FAMILY TABLE 


Part 

Number 

Array 

Inputs 

Logic 

OE 

Outputs 

tpd 

(MAX) 
STD A 

fs 

(MAX) 
STD A 

tco 
(MAX) 
STD A 


AmPAL16R8 

(8) Dedicated 
(8) Feedback 

(8) 8-Wide AND-OR 

Dedicated 

Registered Inverting 

- 

- 

E9 

Qj 

B 

B 


AmPAL16R6 

(8) Dedicated 
(6) Feedback 
(2) Bidirectional 

(6) 8-Wide AND-OR 

Dedicated 

Registered Inverting 


1 

Q 

1 

B 

B 


(2) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 


AmPAL16R4 

(8) Dedicated 
(4) Feedback 
(4) Bidirectional 

(4) 8-Wide AND-OR 

Dedicated 

Registered Inverting 


B 

1 

1 

B 

B 


(4) 7-Wide AND-OR-INVERT 

Programmable 

Bidirectional 


AmPAL16L8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wide-AND-OR-INVERT 

Programmable 

(6) Bidirectional 
(2) Dedicated 

Qj 

s 

B 

B 

B 

- 


AmPAL16H8 

(10) Dedicated 
(6) Bidirectional 

(8) 7-Wide AND-OR 

Programmable 

(6) Bidirectional 
(2) Dedicated 

Qj 

s 

B 

B 

B 

- 

AmPAL16LD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR-INVERT 

- 

Dedicated 

1^1^ 

s 

fl 

B 

B 


AmPAL16HD8 

(10) Dedicated 
(6) Bidirectional 

(8) 8-Wide AND-OR 

■ - . 

Dedicated 

'IQ 

01 

B 

B 

B 



*PAL is a registered trademark of Monolithic Memories, Inc. 
IMOX is a trademark of Advanced Micro Devices, Inc. 
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OPERATING RANGES 

Commercial (C) Devices 

Temperature.0®C to +70®C 

Supply Voltage.+ 4.75V to + 5.25V 

Military (M) Devices 

Temperature.-55®C to +125®C 

Supply Voltage.+4.5V to +5.5V 

Operating ranges define those limits over which the function¬ 
ality of the device is guaranteed. 


reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters 

Description 

Test Conditions 

Min 

Typ 

(Note 1) 

Max 

Units 

VOH 

Output HIGH Voltage 

Vcc = min, 

V|N = V|H or ViL 

lOH = -3.2mA 

COM'L 

2.4 

3.5 


Volts 

lOH = -2mA 

MIL 

VoL 

Output LOW Voltage 

Vcc = min, 

VlN = V|H or V|L 

•OL “ 24mA 

COM'L 



0.5 

Volts 

•OL = 12mA 

MIL 

V|H 

(Note 2) 

Input HIGH Level 

Guaranteed input logical HIGH 
voltage for all inputs 

2.0 



Volts 

V|L 

(Note 2) 

Input LOW Level 

Guaranteed input logical LOW 
voltage for all inputs 



0.8 

Volts 

l|L 

Input LOW Current 

Vcc = max, V|n = 0.40V 


-20 

-250 

/iA 

+IH 

Input HIGH Current 

Vcc = max, V|n = 2.7V 



25 

juA 

l| 

Input HIGH Current 

Vcc = max, ViN = 5.5V 



1.0 

mA 

isc 

Output Short Circuit Current 

Vcc = max, Vout = 0.5V (Note 3) 

-30 

-60 

-90 

mA 

Icc 

Power Supply Current 

All inputs = GND, Vcc = MAX 

16L8, 16H8, 16HD8, 16LD8 
16L8A, 16H8A, 16HD8A, 16LD8A 


110 

155 

mA 

16R8, 16R6, 16R4 

16R8A, 16R6A, 16R4A 


120 

180 

Vi 

Input Clamp Voltage 

Vcc “ MIN, l|N~~18mA 


-0.9 

-1.2 

Volts 

lOZH 

Output Leakage Current 
(Note 4) 

Vcc = max, ViL = 0.8V 

V|H = 2.0V 

Vo = 2.7V 



100 

ma 

•OZL 

Vo = 0.4V 



-100 

C|N 

Input Capacitance 

V|N = 2.0V @f = 1MHz (Note 5) 


6 


PF 

Gout 

Output Capacitance 

Vout = 2.0V @f = IMHz (Note 5) 


9 



Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25"C. 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
VouT “ 0-5V has been chosen to avoid test problems caused by tester ground degradation. 

4. I/O pin leakage is the worst case of Iqzx or l|x (where X = H or L). 

5. These parameters are not 100% tested, but are periodically sampled. 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature.-65°C to +150°C 

Temperature (Ambient) Under Bias.-55®C to +125®C 

Supply Voltage to Ground Potential 

(Pin 20 to Pin 10) Continuous.-0.5V to +7.0V 

DC Voltage Applied to Outputs (Except 

During Programming)..-0.5V to +Vcc max 

DC Voltage Applied to Outputs 

During Programming.21V 

Output Current Into Outputs During 

Programming (Max Duration of 1 sec).200mA 

DC Input Voltage.-0.5 to + 5.5mA 

DC Input Current.....-30mA to + 5.0mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 



12-7 


Refer to Page 13-1 for Essential Information on Military Devices 


AMD 20-Pm PAL* Family 


















AMD 20-Pin PAL* Famiiy 


AC TEST 

5V ^ - -Or^ 

S 

OUTPUT O—— ^ 

Cl = 

SWITCHING CHARACTERISTICS over operating rai 
HIGH SPEED 

LOAD 

^ -- 

1 1 

TCOO 

nge unless 

Rl 

R2 

1190 

Otherwise specified 

Parameters 

Description 

Test 

Conditions 

Typ 

(Note 1) 

COMMERCiAL 


Units 

Min 

Max 



tpD 

Input or Feedback to Non-Registered Output 

16L8A, 16R6A, 16R4A, 16LD8A, 16H8A, 16HD8A 

COM'L 

Rl = 200 

R2 = 390 

MIL 

Rl = 390 

R2 = 750 

12 


25 


30 

ns 

tEA 

Input to Output Enable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

ns 

tER 

Input to Output Disable 16L8A, 16R6A, 16R4A, 16H8A 

12 


25 


30 

B9i 

tpzx 

Pin 11 to Output Enable 16R8A, 16R6A, 16R4A 

8 


20 


25 

B3i 

tpxz 

Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 

8 





BSli 

too 

Clock to Output 16R8A, 16R6A, 16R4A 

8 


15 



IIIQI^IIIII 

ts 

Input or Feedback Setup Time 16R8A, 16R6A, 16R4A 

10 

20 


25 


ns 

tH 

Hold Time 16R8A, 16R6A, 16R4A 

-10 

0 


0 


ns 

tp 

Clock Period 


35 




ns 

tw 

Clock Width 


15 




wm\ 

tMAX 

Maximum Frequency 



28.5 



ISIJ3II 

Notes: 1. Typical limits are at Vcc“5.0V and Ta = 25®C. 

2. tpD is tested with switch Si closed and Cl*=50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; St is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh - 0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified 

STANDARD SPEED 

Parameters 

Description 

Test 

Conditions 

Typ 

(Note 1) 

COMMERCIAL 

MILITARY 

HU 

Min 

Max 

Min 

Max 

tPD 

Input or Feedback to Non-Registered Output 

16L8, 16R6, 16R4, 16LD8, 16H8, 16HD8 

COM’L 

Rl = 200 

R2 “ 390 

MIL 

Rl = 390 

R2 = 750 

17 


35 


40 

IQH 

tEA 

Input to Output Enable 16L8, 16R6, 16R4, 16H8 

17 


35 


40 

BBI 

tER 

Input to Output Disable 16L8, 16R6, 16R4, 16H8 

17 


35 


40 

BSH 

MSBSKKt 

Pin 11 to Output Enable 16R8, 16R6, 16R4 

12 




ttm 



Pin 11 to Output Disable 16R8, 16R6, 16R4 

12 


25 



BSH 

too 

Clock to Output 16R8, 16R6, 16R4 

12 


25 


'WEM 

BSii 

ts 

Input or Feedback Setup Time 16R8, 16R6, 16R4 

15 

30 


35 


'BBI 

tH 

Hold Time 16R8, 16R6, 16R4 

-10 

0 


0 



tp 

Clock Period 


55 


60 


IIQIIIII 

tw 

Clock Width 




mm 



tMAX 

Maximum Frequency 



18 

: _ 

16.5 

iW!Bl 

Notes: 1. Typical limits are at Vcc = 5.0V and Ta = 25“C. 

2. tpD is tested with switch Si closed and Cl - 50pF. 

3. For three-state outputs, output enable times are tested with Cl = 50pF to the 1.5V level; Si is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with Cl = 5pF. HIGH to high impedance tests are made to an output 
voltage of Vqh “0.5V with Si open; LOW to high impedance tests are made to the Vql + 0.5V level with Si closed. 
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SWITCHING WAVEFORMS 
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KEY TO SWITCHING WAVEFORM 
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checks that the correct array fuses have been blown and can 
be sensed by the outputs. 

AMD PALs have been designed with many internal test 
features that are used to assure high programming yield and 
correct logical operation for a correctly programmed part. 

An additional fuse is provided on each AMD PAL circuit to 
prevent unauthorized copying of AMD PAL fuse patterns when 
design security is desired. Blowing the security fuse blocks 
entry to the fuse pattern verify mode. 

To blow the security fuse: 

1. Power up part to Vccp 

2. Raise Pin 5 to Vhh- 

3. Pulse Pin 11 from ground to Vqp for a 50/isec 
duration. 

4. Perform a normal end-of-programming verify cycle at 
VcCL aod VccH- All fuse locations should be sensed 
as blown if the security fuse has been successfully 
blown. 

Note that parts with the security fuse blown may not be 
returned as programming rejects. 

AMD PALs normally have high programming yields ( > 98%). 
Programming yield losses are frequently due to poor socket 
contact, equipment out of calibration or Improperly used. 


Parameters 

Description 

Min 

Typ 

Max 

Units 

Vhh 

Control Pin Extra High Level 

Pin 1 @ 10-40mA 

10 

11 

12 

Volts 

Pin 11 @ 10-40mA 

10 

11 

12 

Vop 

Program Voltage Pins 12-19 @ 15-200mA 

18 

20 

22 

Volts 

VlHP 

Input High Level During Programming and Verify 

2.4 

5 

5.5 

Volts 

V|LP 

Input Low Level During Programming and Verify 

0.0 

0.3 

0.5 

Volts 

Vccp 

Vcc During Programming @ Ice = 50-200mA 

5 

5.2 

5.5 

Volts 

VccL 

Vcc During First Pass Verification @ Ice “ 50-200mA 

4.1 


4.5 

Volts 

VccH 

Vcc During Second Pass Verification @ Icc = 50-200mA 

5.4 

5.7 

6.0 

Volts 

Veiown 

Successful Blown Fuse 

Sense Level @ Output 

16L8, 16R8, 16R6, 16R4. 16LD8 

16L8A, 16R8A, 16R6A. 16R4A, 16LD8A 


0.3 

0.5 

Volts 

16H8. 16HD8, 16H8A, 16HD6A 

2.4 

3 


dVop/dt 

Rate of Output Voltage Change 

20 


250 

V/jusec 

dVii/dt 

Rate of Fusing Enable Voltage Change (Pin 11 Rising Edge) 

100 


1000 

V//Ltsec 


Fusing Time First Attempt 

40 

50 

100 

A/sec 

Subsequent Attempts 

4 

5 

10 

msec 

to 

Delays Between Various Level Changes 

100 

200 

1000 

ns 

tv 

Period During which Output is Sensed for Veiown Level 



500 

ns 

VONP 

Pull-Up Voltage On Outputs Not Being Programmed 

Vccp - 0-3 

Vccp 

Vccp + 

Volts 

R 

Pull-Up Resistor On Outputs Not Being Programmed 

1.9 

2 

2.1 

KQ, 


AMD PAL PROGRAMMING EQUIPMENT INFORMATION 


Source and 

Location 

Data I/O 

10525 Willows Rd. N.E. 
Redmond. WA 98052 

Kontron Electronics, Inc. 

630 Price Avenue 

Redwood City, 

CA 94063 

Stag Microsystems 

528-5 Weddel Drive 
Sunnyvale, 

CA 94086 

Programmer 

Mode((s) 

Model-100. 29, 

19 or 17 

Model-MPP-80S 
or EPP80 

Model-PPX 

AMD PAL 

Personality 

Module 

Logiepak 

950-1942-001 

MOD-33 

PPM2200 

Socket 

Adapter 

715-1947-003 

SA37 

Am202S 


PROGRAMMING 

Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11) and a 
programming voltage pulse applied to the output under 
programming. Addressing of the 2048 element fuse array is 
accomplished with normal TTL levels on eight input pins (five 
select the input line number and three select the product term 
number). Vcc is maintained at a normal level throughout the 
programming and verify cycle - no extra high levels are 
required. 

The necessary sequence of levels for programming any fuse is 
shown in the Programming Timing Diagram. The address of 
each fuse in terms of Input Line Number and Product Term 
Line Number Is defined by the Fuse Address Tables 1 and 2. 
Current, voltage and timing requirements for each pin are 
specified in the Programming Parameter Table below. 

The 16L8, 16R8, 16R6, 16R4, 16H8, 16LD8 and 16HD8 use 
identical programming conditions and sequences. 

After all programming has been completed, the entire array 
should be reverified at VccL ^nd again at VccH- Reverification 
can be accomplished by reading ail eight outputs in parallel 
rather than one at a time. The array fuse verification cycle 

PROGRAMMING PARAMETERS Ta = 25*^0 
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PROGRAMMING WAVEFORMS 



TABLE 1. INPUT ADDRESSING 


SIMPLIFIED PROGRAMMING DIAGRAM 


Input 

Line 

Number 

Input Line Number 
Address Pin States 

9 


7 

6 

5 

0 

L 

L 

L 

L 

L 

1 

L 

L 

L 

L 

H 

2 

L 

L 

L 

H 

L 

3 

L 

L 

L 

H 

H 

4 

L 

L 

H 

L 

L 

5 

L 

L 

H 

L 

H 

6 

L 

L 

H 

H 

L 

7 

L 

L 

H 

H 

H 

8 

L 

H 

L 

L 

L 

9 

L 

H 

L 

L ^ 

H 

10 

L 

H 

L 

H 

L 

11 

L 

H 

L 

H 

H 

12 

L 

H 

H 

L 

L 

13 

L 

H 

H 

L 

H 

14 

L 

H 

H 

H 

L 

15 

L 

H 

H 

H 

H 

16 

H 

L 

L 

L 

L 

17 

H 

L 

L 

L 

H 

18 

H 

L 

L 

H 

L 

19 

H 

L 

L 

H 

H 

20 

H 

L 

H 

L 

L 

21 

H 

L 

H 

L 

H 

22 

H 

L 

H 

H 

L 

23 

H 

L 

H 

H 

H 

24 

H 

H 

L i 

L 

L 

25 

H 

H 

L 

L 

H 

26 

H 

H 

L 

H 

L 

27 

H 

H 

L 

H 

H 

28 

H 

H 

H 

L 

L 

29 

H 

H 

H 

L 

H 

30 

H 

H 

H 

H 

L 

31 

H 

H 

H 

H 

H 


L = V|LP 
H = V|HP 


Vccp VoNP 



TABLE 2. PRODUCT TERM ADDRESSING 


Product Term 


Select 

Address Pin 

Product Term Line Number 4 3 2 


0 

8 

16 

24 

32 

40 

48 

56 

L 

L 

L 

1 

9 

17 

25 

33 

41 

49 

57 

L 

L 

H 

2 

10 

18 

26 

34 

42 

50 

58 

L 

H 

L 

3 

11 

19 

27 

35 

43 

51 

59 

L 

H 

H 

4 

12 

20 

28 

36 

44 

52 

60 

H 

L 

L 

5 

13 

21 

29 

37 

45 

53 

61 

H 

L 

H 

6 

14 

22 

30 

38 

46 

54 

62 

H 

H 

L 

7 

15 

23 

31 

j 

39 

47 

55 

63 

H 

H 

H 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 

Pin 




19 

18 

17 

16 

15 

14 

13 

12 





Programming Access and Verify Pin 


L = ViLP 
H = V|hp 
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PRELOAD OF REGtSTERED OUTPUTS 

AMD PAL registered outputs are designed with extra circuitry 
to allow loading each register asynchronously to either a HIGH 


or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below; 


REGISTEREO 
OUTPUT 



- -to-- 

--to-- 

. to- 

•—. *D . ' 

- *0 -- 


/ 

_ / 








/ 

/ 

\ 

1 

1 

V 



-s 

_ } 

z 




/ 

V... 

\ 

_/ 

\ . 




\ 





V|U» 

Vhm 


VoH 


Level forced on registered 
output pin during preload cycle 

Output state at the 
output pin after cycle 

Vhh 

HIGH 

OV to VccH or OPEN 

LOW 


> Vot 


PF001160 


ORDERING INFORMATION 

AMD products are available in several packages and operating ranges. The order number is formed by a combination of the following: 
Device number, speed option (if applicable), package type, operating range and screening option (if desired). 


AmPAL 


XXXXX 


L. 


- Screening 
C = 883C Basic Flow 
B = 883B (Burn-in) 
-Temperature Range 
C - Commercial 
M = Military 

- Package 

P = Molded DIP (Commercial 
Only) 

D = Hermetic DIP 
L =Chlp-Pak™‘ 


Basic Device —' 

16R8 

16R6 

16R4 

16L8 

16H8 

16LD8 

16HD8 

*Chip-Paks are rated a maxium case temperature only. 


-Speed Selection 
= Standard 
A = High Speed 


Chip-pak is a trade mark of Advanced Micro Devices, Inc. 
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MOS Microprocessor 


MOS Microprocessor 

Family Selector Guide 



a 086/88 

8085A 

8085A-2 

8080A 

Z8001/2t 

Z8001/2-A 

Clock Period 

200 ns 

320ns 

200 ns 

480ns 

250ns 

165ns 

Clock Generator 

8284A 

On-Chip 

On-Chip 

8224 

8127 

8127 

Arithmetic 

8087 

9511A^1 

9511A-4 

9511A 

9511A-4 

9511A-4 

Processing Unit 


9512-1 

9512-1 

9512 

9512-1 

9512-1 

Interrupt 


9519A 

9519A-4 

9519A 

9519A-1 

9519A-1 

Controller 

8259A-5 

8259A 

8259A-5 

8259A 



DMA 

Controller 

8089 

9517A-4 

9617A-5 

9517A 

8016 

8016A 

9516A 

9517A-5 




9517A-4 


Dynamic Memory 

2964B 

2964B 

2964B 

2964B 

2964B 

2964B 

Controller 

2968 

2968 

2968 

2968 

2968 

2968 


8251A 

8251A 

8251A 

8251A 



Serial I/O 

8530A 

8030A 

8530 

8530A 


8030 

8030A 

Parallel I/O 

8255A-5 

8036A 

8255A-5 

8255A-5 

8255A 

8036 

S036A 

Counter 

Timer I/O 

9513 

9513 

9513 

9513 



8036A 

8073 

8253-5 

8253-5 

8253 

8073 

8073 

FIFO I/O 

8038 

8038 

8038 

8038 

8038 

8038 

Data Ciphering 

Processor 

8068 

8068 

8068 

9518 

8068 

8068 

Error Detection 
and Correction 

2960 

2960 

2960 

2960 

2960 

2960 

Burst Error 

Processor 

8065 

8065 


8065 

8065 



9520 

9520 


9520 

9520 


CRT Controller 

8275 

8052 

8275 

8275 

8275 

8052 

8052A 

I/O Processor 

8089 

N/A 

N/A 

N/A 

N/A 

N/A 

RAM I/O 

N/A 

8155/6 

8155/6-2 

N/A 

N/A 

N/A 

Memory 

Management Unit 

N/A 

N/A 

N/A 

N/A 

8010 

801OA 

Bus Control/ 

Arbiter 

8288 

N/A 

N/A 

N/A 

N/A 

N/A 

Bus Latches 

29841-6 

29841-6 

29841-6 

29841-6 j 

29841-6 

29841-6 

Bus Buffers 

29827/28 

2958/9 

2958/9 

2958/9 j 

2958/9 

2958/9 

Bus 

Transceivers 

29861-4 

29861-4 

29861-4 

29861-4 j 

29861-4 

29861-4 

EDC Buffers 

2961/2 

2961/2 

2961/2 

2961/2 

2961/2 

2961/2 

RAM Drivers 

2965/6 

2965/6 

2965/6 

2965/6 

2965/6 

2965/6 



fZSOOO is a trademark of Zilog, Inc. 
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Microprocessor Components 

Part Number 

Description 

SfNGLE-CHIP MICROCOMPUTERS 

8031 

8-Bit Microcomputer 

8051 

8-Bit Microcomputer with On-Board ROM 

PERIPHERALS 

ADVANCED SYSTEM COMPONENTS 

Am9511A 

Arithmetic Processor 

Am9512 

Arithmetic Processor 

Am9513/A 

System Timing Controller 

Am9516 

Data Transfer Controller 

Am9517A 

DMA Controller 

Am9518/68 

Data Ciphering Processor 

Am9519A 

Universal Interrupt Controller 

Am9520 

Burst Error Processor 

Am9521 

32-, 35-Blt Burst Error Processor 

Am9551 

Serial I/O USART 

DISPLAY PRODUCTS 

Am8052 

CRT Controller 

Am8152 

Video System Controller 

Am8153 

Video System Controller 

IAPX86 FAMILY SYSTEM COMPONENTS 

8231 A/9511A 

Arithmetic Processor 

8232/9512 

Arithmetic Processor 

8237A/9517A 

DMA Controller 

8251 

Serial I/O USART 

8251A 

Serial I/O USART 

8253 

Counter/Timer 

8255A 

Programmable Peripheral Interface 

8259A 

Interrupt Controller 

8284A 

Clock Generator 

8286 

Octal Transceiver 

8287 

Octal Transceiver 

8288 

Bus Controller 

AmZ8530 

Serial Communications Controller 

8155/H 

RAM with I/O Ports 

8156/H 

RAM with I/O Ports 

AmZ8536 

Counter Timer and Parallel I/O Unit 

Z8001/2 FAMILY SYSTEM COMPONENTS 

AmZ8016 

Data Transfer Controller 

Z8030 

Serial Communication Controller 

Z8031 

Asynchronous Serial Communications Controller 

Z8036 

Counter I/O 

Z8038 

FIFO I/O Interface 
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MOS Microprocessor 


Part Number 

Description 

AmZ8065 

Burst Error Processor 

AnnZ8068 

Data Ciphering Processor 

AmZ8073 

System Timing Controller 

Z8121 

Octal Comparator 

Z8127 

Clock Generator & Controller 

Z8163 

Refresh & EDC Controller (16MHz) 

Z8167 

Refresh & EDC Controller (22 MHz) 

NETWORKING FAMILY 

Am7990 

Local Area Network Controller for Ethernet (LANCE) 

Am7991 

Serial Interface Adaptor (SIA) 

CPU's 

Z8001 

16-Bit CPU 

28002 

16-Bit CPU 

8080A/9080A 

8-Bit CPU 

8086 

16-Bit CPU 

8088 

8-Bit CPU 

8085A 

8-Bit CPU 

Z8001/2 Family System Components 

8010 

Memory Management Unit 

8016 

Data Transfer Controller 

8030 

Serial Communications Controller 

8036 

Counter I/O 

8038 

FIFO I/O Interface 

8052 

CRT Controller 

8060 

FIFO Buffer/FlO Expander 

8065 

Burst Error Processor 

8068 

Data Ciphering Processor 

8073 

System Timing Controller 

26861-4 

High Performance Bus Transceivers 

8121 

Octal Comparator 

8127 

Clock Generator and Controller 

29827/28 

High Performance Bus Buffers 

8163 

Refresh and EDC Controller (16 MHz) 

8167 

Refresh and EDC Controller (22 MHz) 

29821-6 

High Performance Bus Registers 

29841-6 

High Performance Bus Latches 
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Part Number 

Description 

Bipolar Support Circuits 

25LS244 

Octal Buffer 

25LS2521 

Octal Comparator 

25LS2536 

Octal Address Decoder 

25LS2548 

Octal Decoder with ACK 

29821-6 

High Performance Bus Registers 

2925 

Clock Generator 

29861-4 

High Performance Bus Transceiver 

2948/49 

Octal Bus Transceiver 

2960 

16-Bit Error Detection and Correction 

2961/62 

EDC Buffers 

2964B 

Dynamic Memory Controller 

2965/66 

RAM Drivers 

29841-6 

High Performance Bus Latches 
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Analog Data Acquisition Product Guide 
and Cross Reference 

Part Number 

Description 

DIGITAL-TO-ANALOG CONVERTERS 

GENERAL PURPOSE 8-BIT 

DAC-08 

Industry Standard 8-Bit Multiplying D/A 

Am1508/1408 

Multiplying D/A 

SSS1508A/1408A 

Multiplying D/A 

MICROPROCESSOR COMPATIBLE 8-BIT 

Am6080 

Contains 8-Bit Data Latch with Write, Chip Select and Data Enable Logic On-Chip 

Am6081 

Same as Am6080 Plus On-Chip Multiplexer 

GENERAL PURPOSE 12-BIT 

Am6012 

Low Cost, 250ns Setting Time, Multiplying 12-Bit D/A 

Am6022* 

High-Speed Version of Am6012, 75ns Setting Time 

MICROPROCESSOR COMPATIBLE 12-BIT 

Am6082* 

Contains Reference, Double Buffered Latch, Control Logic and High-Speed Op Amp. 

150ns Current or 400ns Voltage Setting Time 

GENERAL PURPOSE 14-BIT 

Am6014* 

14-Bit Plus Sign Multiplying D/A, 500ns Setting Time 

COMPANDING 

Am6070 

8-Bit, 72dB of Dynamic Range for Control Systems 

Am6072 

8-Bit, fji-Law for PCM Communication Systems 

ANALOG-TO-DiGITAL CONVERTERS 

HIGH SPEED 4-BIT 

Am6688 

100MHz Sampling Rate, 8-Bit Accuracy, Flash Converter 

HIGH SPEED 6-BIT 

Am6606* 

100MHz Sampling Rate, 8-Bit Accuracy, Flash Converter 

HIGH-SPEED MICROPROCESSOR COMPATIBLE 8-Bit 

Am6108/6148** 

1/iS Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 3-State 

Buffers and Control Logic 

HIGH-SPEED MICROPROCESSOR COMPATIBLE 12-Bit 

Am6112 

_ 

3/lis Conversion Time, Contains Reference, DAC, Comparator, SAR, Scale Resistors, 

3-State Buffers and Control Logic 

SAMPLE AND HOLD AMPLIFIERS 

GENERAL PURPOSE 

LF198/398 

Less than 10/us Acquisition Time, Industry Standard Sample and Hold 

HIGH-SPEED 

Am6420* 

500ns Acquisition Time, 10ns Aperture Delay, 0.01% Linearity Error 



*ln development. 

**Am6148 is the slim 24-pin, 0.3" version of the Am6108. 
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VOLTAGE COMPARATORS OPERATIONAL AMPLIFIERS 


CROSS REFERENCE 


AMD 

National 

Fairchild 

Signetics 

PMI 

Motorola 

Raytheon 

Analog 

Devices 

DAC-08AQ 

DAC0800LAJ 

MA0801ADM 

SE5009F 

DAC-08AQ 

DAC-08AQ 

DAC-08ADM 

ADDAC-08AD 

DAC-08HQ 

DAC0802LCJ 

nAoeomoc 

NE5009F 

DAC-08HQ 

DAC-08HQ 

DAC-08HDM 

ADDAC-08HD 

DAC-08HN 

DAC0802LCN 

/iA0801HPC 

NE5009N 

DAC-08HP 

DAC-08HP 

DAC-08HBM 


DAC.08Q 

DAC0800LJ 

MA0801DM 

SE5008F 

DAC-08Q 

DAC-08Q 

DAC-08DM 

ADDAC-08D 

DAC-08EQ 

DAC0800LCJ 

MA0801EDC 

NE5008F 

DAC-08EQ 

DAC-08EQ 

DAC-08EDM 

ADDAC-08ED 

DAC-08EN 

DAC0800LCN 

MA0801EPC 

NE5008N 

DAC-08EP 

DAC-08EP 

DAC-08EBM 

- 

DAC-08CQ 

DAC0801LCJ 

jLtA0801CDC 

NE5007F 

DAC-08CQ 

DAC-08CQ 

DAC-08CDM 

ADDAC-08CD 

DAC-08CN 

DAC0801LCN 

iLiA0801CPC 

NE5007N 

DAC-08CP 

DAC-08CP 

DAC-08CBM 

- 

AM1508L8 

DAC0808LJ 

MA0802DM 

MC1508-8F 

- 

MC1508L8 

_ 

AD1508-8D 

AM1408L8 

DAC0808LCJ 

iuA0802ADC 

MC1408-8F 

- 

MC1408L8 

- 

AD1408-8D 

AM1408N8 

DAC0808LCN 

MA0802APC 

MC1408-8N 

- 

MC1408P8 

- 

- 

AM1408L7 

DAC0807LCJ 

AtA0802BDC 

MC1408-7F 

_ 

MC1408L7 

_ 

AD1408-7D 

AM1408N7 

DAC0807LCN 

MA0802BPC 

MC1408-7N 

- 

MC1408P7 

- 

- 

AM1408L6 

DAC0806LCJ 

juA0802CDC 

MC1408-6F 

- 

MC1408L6 

_ 

_ 

AM1408N6 

DAC0806LCN 

juA0802CPC 

MC1408-6N 

- 

MC1408P6 

- 

- 

SSS1508A-8Q 

_ 

_ 

- 

SSS1508A-8Q 

_ 

_ 


SSS1408A-8Q 

- 

- 

- 

SSS1408A-8Q 

- 

- 

- 

SSS1408A-7Q 

- 

- 

- 

SSS1408A-7Q 

- 

- 

- 

SSS1408A-6Q 

- 

- 

-■ 

SSS1408A-6Q 

- 

- 

- 

AM6012ADM 

_ 

- 

- 

- 

- 

_ 

- 

AM6012ADC 

- 

- 

- 

- 

- 

- 

- 

AM6012APC 

- 

- 

- 

- 

' 

_ 

_ 

AM6012DM 

- 

- 

- 

DAC312BR 

- 

- 

_ 

AM6012DC 

- 

- 

- 

DAC312FR 

- 

- 

- 

AM6012PC 

- 

- 

- 

- 

- 

- 

- 

AM6070ADM 

_ 

_ 

_ 

DAC-76BX 

- 

_ 

_ 

AM6070ADC 

- 

- 

- 

DAC-76EX 

■ -• 

- 

- 

AM6070DM 

- 

- 

_ 

DAC-76X 

- 

- 

- 

AM6070DC 

- 

- 

- 

DAC-76CX 

- 

- 

- 

AM6072DM 

_ 

- 

- 

- 

- 

_ 

_ 

AM6072DC 

- 

- 

- 

DAC-86EX 

- 

- 

- 

AM6080 

DAC0830/1/2t 

_ 

NE5018/19t 

DAC-808/888t 

- 

- 

AD558t 

AM6081 

- 

- 

- 

- 

- 

- 

- 

AM6688 

- 

- 

- 

- 

MC6108 

- 

- 

AM6108 

ADC0820t 

- 

- 

- 

- 

- 

AD570t AND 

AM6148 

ADC0820t 

- 

- 

- 

- 

- 

AD7574t 

LF198 

LF198 

HAFWa 

NE5537 

- 


- 

- 


tFunctional equivalent only 



LF155/156 

FET-Input, High Slew Rate and Fast 


Setting Time 

LM108 

Low Power, ±2V to ±20V Supply 

LM118 

High Speed, ISMHz Bandwidth 

LM148 

Quad, Low Power 741 


Am685 

5ns Propagation Delay, ECL Output 

Am686 

12ns Propagation Delay, TTL Output 

Am687 

8ns Propagation Delay, Dual 685, 


ECL Output 

Am1500/ 

Dual Precision 

LH2111 


LM111/311 

High Accuracy, Low Cost 

LM119 

Dual High Speed, ±5V to ±15V 


Supply 

LM139 

Quad, Low Power, High Accuracy 
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Advanced Micro Devices reserves the right to make changes in its products without 
notice in order to improve design or performance characteristics. The performance 
characteristics listed in this data book are guaranteed by specific tests, correlated 
testing, guard banding, design and other practices common to the industry. 

For specific testing details contact your local AMD sales representative. 

The company assumes no responsibility for the use of any circuits described herein. 









INFORMATION ON 
MILITARY DEVICES 


Advanced Micro Devices is currently updat¬ 
ing its parts listing to identify those devices 
which are fully compliant with MIL-STD-883, 
Revision C, Notice 2. For further information, 
including a current listing of military flows, 
and to answer questions regarding specific 
AMD parts, please contact your local AMD 
sales representative. 
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Guidelines on Testing Am2900 Family Devices 


I. INTRODUCTION 

The Am2900 Family represents a major step forward in 
bipolar technology, in that each device contains a number 
of MSI-type functions interconnected on one chip. The gate 
counts in the parts comprising the Am2900 Family are 
around 10-100 times the gate count of MSI functions. While 
this produces a number of advantages for manufacturing, 
such as reduced component count and lower costs, it 
complicates the incoming-inspection problem because test 
programs tend to be long and complex and must be 
carefully designed to insure that all bad parts are rejected 
and most good parts are accepted. While stating these two 
criteria is simple, reducing them to practice is not. LSI 
devices are not as "forgiving" of simplifications in test 
patterns and assumptions about forcing functions and 
noise levels, as their simpler counterparts. These notes are 
intended to point out some common areas of difficulty and 
their solutions. 

II. THE PURPOSE OF TESTING 

Testing is performed at most facilities during an inspection 
of purchased material. The reason, of course, is that it is 
much less expensive to screen parts then, than it is to 
troubleshoot and repair completed boards. Ideally, all the 
parts passed by incoming inspection will work in the 
system. This is insured through a specification which 
defines the way the part must behave in the system, and 
the incoming test should confirm that devices received 
meet the specification. The incoming test should not reject 
devices which meet the specification. When test programs 
are too tight or test for conditions not contained in the 
specification, delays in shipments occur and significant 
costs are incurred by both the vendor and the buyer trying 
to resolve "correlation problems." 

III. GUARANTEEING THAT THE PARTS WORK 

One step in testing devices is to perform DC parametric 
tests: Icc. Vqh, Vql and the like. These tests on bipolar LSI 
are not really different from those performed on simpler 
TTL devices, except that the number of pins involved is 
greater, and more complex set-ups may be required to put 
outputs in the proper state for testing. Another step is 
functional testing, and for bipolar LSI, function tests are 
significantly different than for MSI. The function tests must 
first insure that the device is capable of working, i.e., it's 
hooked up correctly Inside. These kinds of tests can be 
described as "stuck-at-one, stuck-at-zero" tests, because 
they are designed to exercise each gate in the part. Even 
for a part as complex as the Am2901, the "stuck-at" tests 
can be performed quickly. Less than 400 test patterns must 
be applied to the part to exercise every gate. 

But, "stuck-at" tests make an assumption: if a gate works, 
then it works regardless of the state of other gates in the 
circuit. Each gate is treated Independently, but, in the 
integrated circuit, no gate is an island. The performance of 
one gate can, in fact, depend on the states of surrounding 


gates, because they share common Inputs or common 
ground lines. 

These possible faults are often not tested by "stuck-at" 
tests, because they are not independent of the state of 
surrounding logic. These potential faults depend on the 
physical and logical construction of the circuit. They are 
usually called "pattern sensitivities." Pattern-sensitive 
faults, like the two described above, are not something 
new. All digital products exhibit pattern sensitivities - even 
SSI. But, on simpler parts, either traditional "stuck-at" tests 
happen to find most of them, or the parts are easy enough 
to test that all possible data patterns are generated during 
testing. Neither of these circumstances Is true for bipolar 
LSI. A special effort must be made to apply many data 
patterns to the devices to check for pattern-sensitive faults. 
This has been done for years with RAM patterns such as 
GALPAT. It must now be done with logic functions as well. 

In the devices in the Am2900 Family, as with RAMs, testing 
all possible data patterns is not practical, but, the various 
MSI kinds of functions in the devices (register, ALU, 
multiplexer, etc.) can generally be logically isolated, and 
each of those functions should be checked independently 
for all possible data patterns. This principle works because 
(1) as a rule, it is possible to control the MSI functions in a 
2900 part with some degree of independence, and (2) the 
MSI functions are usually physically separated on the die, 
so that a data pattern within one MSI block will not exhibit 
pattern sensitivity dependent on the data in another MSI 
block. 

In the Am2901, for example, ALU tests using the two RAM 
ports as data sources are unlikely to be affected by the 
state of the data inputs or the Q register. The shift 
multiplexer at the input of the RAM is unlikely to be affected 
by the Q register or the ALU source-select multiplexers. 
The control logic for the ALU source multiplexers should 
not be affected by anything in the ALU. By applying these 
kinds of principles intelligently, function tests can be 
constrained to a few thousand tests which provide a very 
high confidence level that the part is not subject to pattern- 
sensitive faults within its operating range. 

As an example of the test philosophy used on these parts, 
the function tests for the Am2901 are described below. 

Am2901 FUNCTION TEST DESCRIPTION 

The following describes the function tests performed on the 
Am2901. The OE pin is low during the entire function tests 
and each test gets one clock pulse. 

A-Port GALPAT via ALU 

These are tests in which the A-address of the 2-port RAM is 
tested for Galloping "ones" in a field of "zeros." During 
these tests, the B-address is the same as the A-address 
and OP code 337 is used for a write operation, while OP 
code 134 Is used for a read operation. The four shift- 
operation pins, Qo, Q 3 RAMo and RAM3, are ignored. 
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n 




8 7 1 6 

5 4 1 3 

2 1 0 

DESTINATION 

CONTROL 

ALU 

FUNCTION 

ALU 

SOURCE 

1 MICROINSTRUCTION DECODE | 





THE Am2901 4-BIT MICROPROCESSOR SLICE 
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B-Port GALPAT via ALU 

These are tests In which the B-address of the 2-port RAM Is 
tested for Galloping "ones” in a field of "zero." During these 
tests, the A-address is the inverse of the B-address and OP 
code 337 is used for a write operation while OP code 133 is 
used for a read operation. The four shift-operation pins, Qq, Q 3 
RAMo and RAMg, are ignored, 

A-Port GALPAT Bypass ALU 

These are tests, in which the A-address of the 2-port RAM is 
tested for Galloping "ones” In a field of "zeros." During these 
tests, the B-address is the inverse of the A-address and OP 
code 337 is used for a write operation while OP code 233 is 
used for a read operation. The four shift-operation pins, Qq, Q 3 , 
RAMo Sind RAMg, are ignored. 

Repeat 1 above by inverting the Data and Y output information 
on D 3.0 and Y 3 . 0 . All other outputs are Ignored. This performs 
Galloping "zeros" in a field of "ones" for the A-Port via ALU. 

Repeat item 2 above by Inverting the Data and Y output 
Information on D 3.0 and Y 3 . 0 . All other outputs are Ignored. This 
performs Galloping "zeros" in a field of "ones" for the A-Port 
via ALU. 

Repeat item 3 above by inverting Data and Y output informa¬ 
tion on D 3.0 and Y 3 . 0 . All the other outputs are ignored. This Is 
Galloping "zeros" in a field of "ones" for A-Port bypass ALU. 

ALU Source Code 

During these tests, the A- and B-addresses are at word 
locations preloaded with known values. The Q register is also 
preloaded. Then, with the ALU destination OP code =* 1 (No- 
OP) and the ALU function code = 6 (exclusive OR), the source 
code is cycled through from 0-7. The function code is then 
modified to 7 (exclusive NOR) and the source code sequence 
is cycled through once more. 

ALU Function Code 

During these tests, the memory is preloaded with content 
equal to the address. In other words, word 0 is loaded with 0, 
word 1 with 1, and so on. Then, with A-address * B-address, a 
destination OP code of 1 (No OP), and a source OP code of 1 
(A&B Port selected), the ALU function code is cycled through 
the sequence of 7, 5, 4, 0, 1, 3, 2, 6 for every set of A&B 
address. This whole sequence is then repeated with A- 
address equal to the inverse of the B-address. 

Arithmetic Operation & Carry Generation 

During these tests, the memory is preloaded with content 
address. With OP code 105, whereby D input is added to the 
A-Port of the memory, the tester cycles through every possible 
D input added to every word in memory with carry in being 
both one and zero. 

Q Register Operation 

During these tests, the Q register is first loaded with all zeros. 
Then, with Cn = LOW and with OP code 006, whereby Q 
register is loaded with the sum of data Input and Q-register 
content on every clock cycle, the device is clocked through all 
possible data inputs. The Cn Input Is then changed to a HIGH, 
and with OP code 016 whereby Q register is loaded with the 
difference of Q-D. The device Is clocked through all possible 
data Input again. This checks both the add and subtract 
modes of the ALU, the internal-carry-lookahead circuitry and 
the Q-regIster operation. 


Q Register Shifting 

During these tests, a unique string of data (11100001 
010011011110) Is shifted Into the appropriate shift Inputs. OP 
codes used in this group of tests are 432 for shift left, 532 for 
no shift, 632 for shift right and 732 for no shift. 

RAM Shifting 

During these tests, A- and B-addresses are at word 0. A string 
of data (11100001010011011110) is shifted Into the appropri¬ 
ate shift inputs. OP codes used are 434 and 533 for left shift, 
634 and 733 for right shift. 

IV. AVOIDING THE REJECTION OF GOOD 
DEVICES 

Discrepancies In testing results between the vendor and the 
buyer result in much irritation and substantial costs for both. 
Some of the common sources of these discrepancies are 
discussed below. 

Testing for Unspecified or "don't care" 
Conditions 

The data sheet (or purchase specification) defines the charac¬ 
teristics of the part. It is hard enough to test for everything 
specified without adding additional tests for unspecified pa¬ 
rameters, If the state of an output is not specified under 
certain conditions, then it should not be tested. 

Noise 

Many testing problems result from noise produced by the 
interactions of the device being tested and the test system. 
Typical test fixtures have lead Inductances several times that 
of a PC board socket. This inductance, especially in the device 
ground path, is the source of these problems. 

When the inputs to the device are changed there is a 
sequence of rapid changes In the device's ground current as 
signals propagate through internal gates to the outputs. These 
appear as changes in the voltage drop across the device 
ground lead. This voltage drop can be as much as 2 volts 
across a few inches of wire. Rise times are on the order of 
Insec and pulse widths range from 2 to lOnsec. Output 
transient current during switching may be 50 to 100mA. The 
test systems input and output reference voltages are set with 
respect to tester ground and are not affected by these 
transients. Consequently the effective input voltages to the 
device will vary. If the ground pin goes up 1 volt, all the inputs 
effectively go down 1 volt. 

This must be considered in selecting levels for V,l and V,h. The 
device data sheet says Vn. must be less than 0.8V and V|h 
more than 2.0V. But this is as measured at the device package 
pins, between input and ground. This means that if the ground 
varies ±0.5 volt the Input levels must be V,l< 0.3V and 
V|h< 2.5V. If this Is not done, a noise pulse could, for 
example, make the clock Input effectively go high in the middle 
of the clock low time, causing an extra clock pulse. A similar 
situation exists at the device outputs, requiring VoL to be set 
higher, and Vqh lower, than the data sheet numbers. AMD 
uses V|L = 0V, V,h = 3V, Vol = 1V, Vqh = 2 V for functional 
tests. 

Proper observations are important to the understanding and 
control of these problems. Small changes in timing, bypass 
capacitors, etc. will have large effects on the noise. An 
oscilloscope of 200 MHz or greater bandwidth is essential. 
Noise voltage should be measured at the device ground pin (at 
the device package edge, not the bottom of the test socket). 
Connect the probe ground to the tester chassis. In order to 
see the peak noise voltage, cycle the tester through a long 
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pattern. Trigger the scope internally from the noise waveform. 
Turn the trigger level slowly up until the trace is almost lost. 
The peak noise voltage will appear at the left side of the 
screen. Sweep speed should be about 10nsec/div. Repeat for 
the peak of the opposite polarity. 

Another useful technique is to identify a particular test pattern 
location which causes significant noise. Sync the oscilloscope 
to this test cycle. Using a two channel scope, connect one 
channel to an input pin and the other channel to the device 
ground pin. Invert the channel on the ground pin and add the 
two channels. The waveform will show the effective input 
levels. 

An additional problem is Introduced by I/O pins. When output 
load circuits are connected to these pins the tester must drive 
the load and the device when the pins are inputs. If the tester 
has a driver impedance of 50 ohms and the load supplies 
16mA into Vql, the input level produced will be 0.8V too high. 
This must be compensated by further reducing the pro¬ 
grammed V|L for only the I/O pins. Some devices are sensitive 
to input voltages below ground. 

Guidelines 

If the tester does not provide suitable alternate driver supplies, 
it may be necessary to provide resistor pullups for input-only 
pins. 

The same ground lead inductance problems causes difficulties 
in DC testing. Many DC tests require some functional se¬ 
quence to produce the correct device state. The input levels 
must be such to avoid false clocks, etc. DC tests may be used 
to verify Input threshold levels. To do this, an output test such 
as Vql or Vqh is selected where the outputs combinatorally 
depend on the Inputs. Using non-threshold levels the appropri¬ 
ate input conditions are applied. The input levels are then 
reprogrammed to threshold levels. The outputs are then 
measured for Vql or Vqh- It is not possible to do the functional 
set-up with threshold levels, even if it is only a single line, as 
oscillations may occur. Switching between alternate driven 
supplies also may generate sufficient noise to cause prob¬ 
lems. 

AC Testing 

Many modern testers allow switching tests to be performed 
during the application of complex test sequences. The switch¬ 
ing and function tests can then occur together. Unfortunately, 
this blurs the distinction between functional failure and switch¬ 
ing-speed failure when a device is rejected, so, it is a good 
Idea to do some preliminary function testing with "loose" AC 
limits before trying to do everything at once. When function 
and AC testing are combined, it is important to consider the 
driving conditions under which the AC parameters are tested. 
Switching measurements on Bipolar ICs are usually made with 
Input levels switching between OV and 3.0V (sometimes 0.4V 
and 2.4V are used). The output transition is measured at 1.5V 
(sometimes at 1.3V). 

They are never specified at threshold levels (0.8V and 2.0V) 
because of noise problems. 

Realistic AC tests require sequencing through many lines of 
test patterns to include a variety of data patterns. Unfortunate¬ 


ly the AC accuracy of most modern logic testers is not as good 
as memory testers. There are often significant differences 
between different waveform formats. The position of an edge 
may depend on whether adjacent pins are switching and 
whether they are going up or down. This limits the accuracy of 
testing, especially for such parameters as hold times, where 
tester error usually exceeds the difference between device 
typical and data sheet maximum. This may be observed on an 
oscilloscope by cycling the tester and synchronizing the scope 
to a repetitive pulse, such as the device clock pin.* Do not 
trigger the scope on any particular tester cycle. Observing a 
device input on the second scope channel will show many 
overlapping transitions, positive and negative. The width of 
this band must be added to other error sources to determine 
tester accuracy. 

Temperature Testing 

Integrated circuits are specified to operate over either the 
commercial range of 0®C to +70®C or the military range of 
-55X to + 125®C. Standard screening procedures (from MIL- 
STD-883) call for 100% testing at 25®C followed by sample 
testing at the high and low temperature. Many users duplicate 
this test sequence in their Incoming Inspection, and some test 
100 % at temperature. 

Testing problems are rarely encountered at low temperatures, 
if care is taken to prevent ice formation on the test socket. At 
high temperature, difficulties may arise because of the difficul¬ 
ty In creating a test environment which is representative of the 
thermal conditions found in the system. 

High temperature testing with a controlled ambient tempera¬ 
ture Is very difficult because the thermal coefficient between 
the package and the surrounding environment depends on 
humidity, rate of air flow, package color, connections to 
package pins, and position of surrounding devices. For testing 
purposes, only the case temperature can really be controlled. 
(Most systems' thermal engineering is also designed to 
control case temperatures.) 

V. INCOMING INSPECTION AND 
TESTING SUPPORT PRODUCTS 

AMD provides several products to assist in the development 
of incoming inspection testing for most Am2900 LSI devices. 
See the table on the following page for specifics by device. 

Sentry Test Programs 

These are complete data sheet function, DC and AC parame¬ 
ter programs. They run on a Fairchild Sentry VII with low 
voltage test heads, 4K local memory and SPM. Complete load 
board documentation is included. Programs are supplied on 
magnetic tape in TDX format. Source files In ASCII code on 
magnetic tape can be provided for those who wish to generate 
test programs for other testers. Test programs require a 
licensing agreement 

Correlation Kit 

This consists of two devices and datalog from AMD's charac¬ 
terization program. 


ORDERING INFORMATION 


Order Code 

Description 

AM29XX-SEN 

AM29XX-KIT 

Sentry Test Program 
Correlation Kit 


*Use a sweep speed of Insec/div. 
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IMOX^'” Reliability Report 

Advanced Micro Devices 


SUMMARY 

This report is a comprehensive summary of reliability test 
data accumulated on AMD's IMOX process. IMOX Is an 
acronym for ion-1 Mplanted/micro-OXide isolation. AMD 
presently uses this wafer fabrication process on ail new 
Bipolar products, including Bipolar Memory, Interface, Logic 
and Microprocessor devices. We present not only the 
statistical data, but also discuss the process itself, typical 
failure mechanisms, and the test methodology behind the 


data. The results show experimental and statistical proof 
that the AMD IMOX process ensures system designers of 
long life and highly reliable Bipolar devices. 

In line with Advanced Micro Devices' commitment to 
provide customers with high quality, high performance 
devices, we will continue to evaluate devices for reliability 
through ongoing HTOL (high temperature operating life) 
testing. This report will be updated at regular intervals as 
new reliability data is accumulated. 


IMOX is a trademark of Advanced Micro Devices,Inc. 
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PROCESS 

The IMOX process utilizes ion-implanted transistors, oxide 
isolation and dual-layer metal to create fast, high performance 
Bipolar devices that consume less power as well. 

IMOX processing allows for reduction of transistor geometries 
and the amount of unused space surrounding a transistor, 
which means that individual transistors can be built significant¬ 
ly smaller and closer together. Since decreased geometries 
are obtained without a reduction In photolithographic line 
width, no increase In the process sensitivity occurs. Speed Is 
one of the most vital characteristics of a Bipolar device. With 
the tighter layout and reduced capacitances of IMOX process¬ 
ing, we have Improved the speed on many devices by as much 
as 25-30%. Tighter layouts have also allowed us to utilize 
previously unavailable die space for increased complexity. 
This is represented in two new AMD Bipolar VLSI devices, the 
Bipolar Microprocessor, Am29116 and the 16x16 Parallel 
Multiplier, Am29517. 


FAILURE MECHANISMS 

Failures in integrated circuits are frequently categorized by the 
phase of manufacturing or the component of the part's 
structure that Is associated with the determined failure mecha¬ 
nism. Failure distributions often are presented as pie charts 
with slices of the pie named for these categories (see Figures 
1 and 2). The failure category distribution percentages are 
roughly those expected for Bipolar IMOX devices. Each of 
these categories may contain several distinct failure mecha- 
nlsms-the basic physical or chemical process that results In a 
failure. The external indicators of a failure (the failure mode) 
are generally electrical in nature: opens, shorts, non-functional 
or parametric anomalies. There may be different mechanisms 
Indicated by a single failure mode. The following is a discus¬ 
sion of the commonly observed failure mechanisms in Inte¬ 
grated circuits. 



RF000100 

Key: Failure type distribution for STTL/LSI Integrated Circuits 
(data derived from Reliability Analysis Center study, 'Micro- 
circuit Screening Effectiveness,' 1978-Order No. TRS-1, 

78). Data based on field failure information available to 
RAC, not life test data. 



Key: Failure percentages are averages based on past failure 
analysis studies performed by engineers at AMD. 


Figure 1. Normalized Distributions of STTL/LSI Figure 2. AMD Observed Distributions of STTL/ 
Malfunctions LSI Malfunctions 


DIFFUSION 

Diffusion-related mechanisms generally cause marginal de¬ 
vice parameters which affect the performance of the device in 
certain operationally extreme situations. Electrical stresses 
induced during operation at elevated temperatures are effec¬ 
tive In screening marginal diffusion problems. The activation 
energy associated with this general mechanism is difficult to 
assign without knowing more about the exact process, but It 
can be assumed to be I.OeV for other than the dielectric 
breakdown. 

OXIDE 

Oxide-related faults can be found in the thermally grown oxide 
regions or in the deposited passivation layers. Defects in the 
latter sometimes lead to chemical attack of the underlying 
layers if corrosive elements are present. Activation energies 
for these types of defects are very large ( > I.OeV). Metal-to- 


metal or metal-to-semiconductor breakdown can also occur. 
These are often caused by pinholes, contaminants In the 
oxide or with photolithographic defects. Though the time 
dependence for oxide failure is more voltage than temperature 
related, life-tests are effective in electrically stressing oxide 
imperfections. 

BULK 

Bulk (silicon) defects are those associated with the silicon 
wafer or die itself, such as crystal Imperfections, resistivity 
gradients, expitaxial layer defects, damage to the die, and 
foreign material precipitates. These defects In themselves do 
not change with time at even the highest die operating 
temperatures, but they can become part of the active region of 
the device when built-in charge changes occur. This failure 
mode Is very rare. Of the total failure rate percentage, this type 
of failure occurs less than 1 % of the time. 
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SURFACE 


ACCELERATED TESTING 


lonic-contamlnation-induced inversion and channeling are the 
most frequently detected surface related mechanisms. At 
elevated temperatures, ions become mobile in or on the oxide 
covering the die. If the device is powered, the ions will be 
attracted to high field regions that exist, near reverse biased 
junctions. This accumulation of charge can induce a surface 
layer (channel) of a conduction type opposite to that of the 
adjacent region (inversion), i.e., an N-type channel on a P-type 
region. Additional modes of failure are altered parasitic device 
characteristics, parasitic capacitance and ''leaky” bipolar 
junction characteristics. The effects of built-in charge may be 
very slow in appearing, showing up only after many hours 
under bias at elevated temperatures. The activation energy 
associated with charge migration in silicon dioxide has been 
found to be 0.5 to 1.0eV. 

METALLIZATION 

A familiar mechanism of metallization-related failures is metal 
migration. When high current densities on the order of 
hundreds of thousands of amps per square centimeter occur 
at elevated temperatures, the metal (aluminum) atoms are 
carried along by the electron flow, causing migration of the 
metallization opposite to the direction of current flow which 
results In wear out. This may be in the form of disconnects, 
breaks, metal lead opens, etc. AMD's design rules for a 
metallization stripe cross section provide for a maximum 
current density of 200,000 amperes per square centimeter, 
well within the MIL-M-38510 maximum allowable current 
density for glassivated aluminum conductors. The activation 
energy of electromigration has been determined to be 0.5 to 
1.0eV. 


Semiconductor devices fall as a consequence of certain 
physical, metallurgical and chemical processes, all of which 
have temperature-dependent rates. The rates may also be 
potential or current dependent, but these dependencies are 
generally second-order effects. Users of electronic compo¬ 
nents are aware of the thermal effect and have frequently 
borrowed the organic chemist's rule of thumb, that reaction 
rates double for a 10®C temperature rise, to estimate the 
effects of high temperature life testing. This procedure does 
not provide the proper acceleration factor If applied for more 
than a decade or two of temperature and is quite inaccurate In 
estimating a 70®C equivalence for a 125®C life test. 

For most processes causing semiconductor failures, the 
Arrhenius equation enables us to determine realistic failure 
rates. Temperature variations and their corresponding reac¬ 
tion rates can also be calculated for semiconductor devices. 
The following equation can be used over the entire tempera¬ 
ture range: 


X(T) =Ciexp(-ta/Kl) 
where: 

X(T) = device failure rate (temperature-dependent) 

T = absolute temperature (®K) 

K = Boltzmann's constant (8.62 x 10® eV/®K) 

Ea = activation energy of the individual device failure 
mechanisms (eV) 

Ci = a constant 


Open metallization detected in failed devices may be due to 
metal migration. The high current condition required to cause 
metal migration is often found to be the result of a defective 
circuit element. Photolithographic or masking defects some¬ 
times result in reduction of metallization cross-section which is 
sufficient to allow metal migration to occur. The mechanism by 
which a severely scratch-damaged metal stripe opens in a 
very localized area Is probably metal migration. Open or short 
conditions will be easily detected during internal visual inspec¬ 
tion. Subtle defects, such as reduced cross-sectional area, 
can be detected by a dynamic life test at high temperature. 

INTERCONNECT, WIREBOND AND 
PACKAGE SEAL/LEAD DEFECTS 

The interconnect category Includes failures that result from 
the "flying” lead being damaged by nicking, by work-stressing 
during bonding and by handling subsequent to the wirebond 
operation. The wirebond category includes all types of bond 
failures, Including Intermetallic formation. The package seal/ 
lead defect category includes hermeticity failures and hermet- 
iclty-related failures such as corrosion. None of these failure 
types are found in a life-test program. They are controlled by 
material selection, receiving inspection, and extensive control 
of the assembly process. The success at these controls is 
verified by examining the results of quality conformance 
testing for military and "Hi-Rel” customers, specifically, the 
group B and group D tests (MIL-STD-883, method 5005). The 
group B test (lot acceptance test) includes a wirebond 
strength test. The group D test Is a pure-package quality 
conformance test and includes tests for lead integrity, resis¬ 
tance to thermal shock, temperature cycling, moisture resis¬ 
tance, mechanical shock, vibration, centrifuge, and salt atmo¬ 
sphere exposure. Group B and D testing is periodically 
performed by AMD and is available for Inspection. 


The temperatures used are junction temperatures, and the 
ability to use higher temperatures to achieve acceleration is 
constrained by the maximum permissible junction temperature 
under bias. Junction temperatures can be computed using 
power dissipation and package thermal characteristics. The 
following equation shows how those temperatures were de¬ 
rived: 

Tj = Ta + 0JA[OcCmax) (^CCmax)] 


To determine the acceleration factor for temperature, Tg, with 
reference to another temperature, Ti, simply divide the failure 
rate equations for the two temperatures: 

!f(l 1 

K T, 

where: 


X(Ti 

X(T2) 


A.F. = acceleration factor 

X(T^)/X(T 2 ) = ratio of reaction rates (failure) 


This equation contains one constant whose value is not 
known from physical theory: the activation energy, Eg. Activa¬ 
tion energy reflects the temperature dependence of a particu¬ 
lar failure mechanism or group of mechanisms. It has been 
determined experimentally for some specific processes. Vari¬ 
ous investigators disagree as to the exact value of Eg because 
such experiments are difficult to conduct and spurious failures 
occur to cloud the results. Table 1 shows the range of these 
values as determined by experimentation. 
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TABLE 1. 

ACTIVATION ENERGIES FOR CERTAIN 
PROCESSES 


Surface Contamination 

1.2-1.40 eV 

Electromigration 

0.5-1.00 eV 

Oxide Defects (dielectric breakdown) 

0.3-0.40 eV 

Corrosion 

0.3-0.60 eV 

Intermetallic Growth (gold aluminum) 

1.0-1.05 eV 

Slow Trapping 

1.30 eV 


RELIABILITY TEST STUDY 

The approach used in this report for evaluating reliability 
involves the concept of failure rates as a function of time. Life 


expectancy of devices can be categorized into three distinct 
intervals: 

a. Infant Mortality 

b. Operating Range 

c. Old Age Mortality 

An example of this distribution is shown in Figure 4. The 
results of this study are from long-term life tests. These tests 
are performed for 1000 hours or more without an initial burn-in. 
Therefore, "Infant Mortalities" are Included in the failure rates 
of the units tested. With the inclusion of a burn-in process, the 
failure rates of the IMOX devices are expected to be less than 
the failure rates calculated in this report. 



400 300 200 100 70 50 25 0 *C 

TEST OR OPERATION TEMPERATURE 


RF000220 

An Arrhenius plot may be used to predict the effect of temperature shift for a particular population at a given average activation energy. This plot has been set up around 
a 1000-hour test at 125°C for two activation energies, I.OeV and 0.466eV. Equivalent test times of other temperatures may be determined for either a I.OeV or a 
0.466eV process. For example, an equivalent test time for 0.466eV at any temperature may be determined by simply picking an appropriate temperature and reading 
the number of hours corresponding to the intersection of the temperature and the 0.466eV line. 

Figure 3. Arrhenius Plot 



RF000210 


Figure 4. Life Expectancy of Devices 
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Number 

Device 

Number 

%Fall 




Fits 

Device 

of Units 

Khrs 

of Rejects 

Per Khr 

X 125''C 

X 70^ 

X 25°C 



54LS374A 

Cerdip 

1435 

6856 

11 

0.160 

0.183 

0.002 

.00001 

17 

0.1 

Plastic 

1110 

3825 

9 

0.235 

0.274 

0.003 

.000015 

26 

0.15 

27S184/185 

263 

183 

0 

0 

0.50 

0.0046 

.000028 

46 

0.28 


Table 2 shows that units were subjected to HTOL (High 
Temperature Operating Life) testing at 125°C and 150®C per 
MIL-STD-883, method 1005 and 1015, conditions C and D. 
For an example of an HTOL circuit, see Figure 5. Data was 
collected on the SN54LS374A and the Am27S184/185 (cer- 
dip and plastic) devices. The testing yielded 10,864,000 
device hours worth of data. In total, 20 failures were recorded 
indicating a failure rate range (at 60% confidence level) of 
0.183-0.50 per 1000 hours at 125®C using the chi-squared 
distribution. 

This table also includes corresponding calculated failure rates 
at lower temperatures using an activation energy level of 
I.OeV. The failure rate for the IMOX processed SN54LS374A 
is less than .0025% per Khr at 70®C (cerdip) and less than 
.0045 per Khr at 70®C (plastic). The failure rate for the 


Am27S184/185 Is less than .0120 per khr. The lower tempera¬ 
tures (70°C and 25°C) are chosen to give users reliability 
predictions at the high end of the commercial operating 
temperature range and at the average "room temperature" 
operating temperature of a commercial system. 

Other IMOX Bipolar devices which are presently undergoing 
HTOL testing are: Am2901C, Am29116 and Am29516. After 
recently completing 1000 cumulative hours of dynamic life 
testing (condition D) at 125°C, the 94-piece lot of Am2901C's 
resulted in a zero reject rate. Preliminary data has been 
gathered on each device type. At this time, statistically 
calculated rates would not accurately reflect the products' 
failure rate. After further testing is complete, failure rates will 
be calculated for each product and supplied in an addendum 
to this report. 


TABLE 2. IMOX RELIABILITY OPERATING LIFE TEST DATA SUMMARY 


29116 


Life Test in Progress 


29516 


THE DATA FROM 29116 CAN BE APPLiED. 


2808 

10864 

20 

0.184 

0.20 

0.0018 

.0000114 1 

18 


IMOX Total 


0.114 


Notes: 1. All calculated failure rates and Fits Nos. used the Arrhenius Equation with 1.0 VeV activation energy. 
2. Fits = Failure in 10’ hrs at 70®C and 25*0 using a 60% confidence level. 

SUMMARY 


This report summarizes the actual reliability testing of AMD's 
proprietary process, IMOX. The statistical data and charts are 
presented to provide accurate comparative information. The 
demonstrated failure rates of the devices at 70°C reflect the 
high reliability of IMOX processed products. The design rules 
for IMOX processing are the same for all Bipolar products. 
Therefore, similar testing performed on other Bipolar devices, 
I.e., Am29116, would also result in very low failure rates as 
seen in this study. 

Analysis of the various failures have shown that the device 
failures were of a random mode and their degree of occur¬ 
rence was inconsistent. No inherent process failure mecha¬ 
nism has been found in the IMOX process. In conclusion, 
IMOX is the superior method for Bipolar wafer fabrication and 
for building high reliability Into AMD devices. 


QHD—V^ -qi* 

'^CC “■VvV-—(H 3 
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POWER SUPPLY SETTINGS 


Supply No. 

Signal 

Voltage 

1 

Vbb 

+ 5.0 V± 

2 

Vcc 

+ 5.0 V± 


Conditions: 1. Pin 10: Device Ground 

2. Pin 11: CP, - 100 KHz ± 10% 

High levels: + 3.0 V to + 5.0 V 
Low levels: -0.2 V to 1.2 V 

MIL-STD-883 Method 1015 Condition C 
C - Steady state, power and reverse bias. 

Inputs reverse biased. 

This circuit was used for testing the SN54LS374A. 

Figure 5. HTOL Circuit Configuration 
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Gate Counts and Die Sizes by Device 


The following data is useful for hybrid design and for MIL-STD reliability calculations. The gate counts are only an 

approximation for LSI devices because the circuit implementation often uses multi-level gates and unique logic structures, 

not just NAND and NOR gates. 



Am25S/25LS 




Equivalent Number of Gates 

Die Area 

Die Dimensions 

Part Number 

(Approximate) 

In Mils^ = .001 X .001 in.) 

(In Mils = .001 in.) 

Am25S05 

86 

9680 

88x110 

Am25LS07 

26 

6300 

75 X 84 

Am25S07 

26 

5810 

70x83 

Am25LS08 

18 

4575 

75x61 

Am25S08 

18 

4891 

67x73 

Am25LS09 

30 

4575 

75x61 

Am25S09 

30 

4891 

67x73 

Am25S10 

29 

3696 

56x66 

Am25LS14 

Replaced by Am25LS14A | 

Am25LS14A 

167 

7980 

84x95 

Am25LS15 

92 

9025 

95x95 

Am25S18 

30 

6083 

77 x 79 

Am25LS22 

82 

10,752 

96x112 

Am25LS23 

88 

10,752 

96x112 

Ann25S557 

1115 

28,215 

171x165 

Am25S558 

1115 

28,215 

171 X 165 

Am25LS2513 

33 

6970 

82x85 

Am25LS2517 

89 

9828 

91 X 108 

Am25LS2518 

30 

8217 

83 X 99 

Am25LS2519 

59 

8217 

83x99 

Am25LS2520 

84 

8880 

80 X 111 

Am25LS2521 

26 

4662 

63x74 

Am25LS2535 

52 

7920 

80x99 

Am25LS2536 

66 

8316 

84x99 

Am25LS2537 

42 

7776 

81 x96 

Am25LS2538 

34 

7776 

81 x96 

Am25LS2539 

38 

7776 

81x96 

Am25LS2548 

18 

7776 

81 X 96 

Am25LS2568 

87 

8549 

87x103 

Am25LS2569 

79 

8549 

87x103 
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Gate Counts and Die Sizes by Device 


Am26S/26LS 

Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(In Mils^ = .001 X .001 in.) 

Die Dimensions 
(In Mils = .001 in.) 

Am26S02 

N/A 

4402 

62x71 

Am26S10 

9 

4425 

59 X 75 

Am26S11 

13 

4425 

59x75 

Am26S12 

9 

5112 

71 X 72 

Am26S12A 

9 

5112 

71x72 

Am26LS27 

In development 

Am26LS28 

In development 

Am26LS29 

6 

6580 

70x94 

Am26LS30 

6 

6580 

70 X 94 

Am26LS31 

10 

5628 

67 X 84 

Am26LS32 

6 

4704 

56 X 84 

Am26LS32B 

6 

4704 

56x84 

Am26LS33 

6 

4704 

56 X 84 

Am26LS34 

6 

4704 

56x84 

Am26LS38 

72 

6208 

64 X 97 

Am2900 

Part Number 

Equivaient Number of Gates 
(Approximate) 

Die Area 

(in Mlls2 = .001x.001 in.) 

Die Dimensions 
(in Mils = .001 in.) 

Am2901 

Replaced by Am2901B and Am2901C 

Am2901A 

Replaced by Am2901B and Am2901C 

Am2901B 

538 

14,976 

117x128 

Am2901C 

550 

15,990 

130x123 

Am2902 

Replaced by Am2902A | 

Am2902A 

19 

4154 

62 X 67 

Am2903 

630 

32,111 

163x197 

Am2903A 

752 

36,808 

172x214 

Am2904 

283 

22,540 

140x161 

Am2905 

49 

10,400 

80x130 

Am2906 

56 

10,400 

80x130 

Am2907 

52 

9064 

88x103 

Am2908 

52 

9064 

88x103 

Am2909 

Replaced by Am2909A | 

Am2909A 

225 

6831 

69x99 

Am2910 

736 

32,980 

170x194 

Am2910A 

In development 

Am2911 

Replaced by Am2911A 

Am2911A 

,221 

6664 

68x98 

Am2912 

9 

4425 

59 X 75 

Am2913 

33 

6970 

82x85 

Am2914 

335 

24,871 

133x187 

Am2915A 

49 

9620 

74x130 

Am2916A 

56 

9620 

74x130 

Am2917A 

52 

9620 

74x130 

Am2918 

30 

6083 

77x79 

Am29LS18 

30 

8217 

83x99 

Am2919 

59 

8217 

83 X 99 

Am2920 

84 

8880 

80 X 111 

Am2921 

34 

7776 

81 X 96 

Am2922 

52 

7920 

80 X 99 

Am2923 

18 

4288 

64 X 67 

Am2924 

17 

4550 

65 X 70 

/Am2925 

120 

11,834 

97x122 

Am2926 

10 

5278 

58x91 

Am2927 

72 

12,096 

87x144 

Am2928 

95 

12,096 

87 X 144 

Am2929 

10 

5278 

58 x 91 

1 
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Part Number 

Equivalent Number of Gates 
(Approximate) 

Die Area 

(in Miis^ = .001x.001 in.) 

Die Dimensions 
(in Miis^ .OOl in.) 

Am2930 

548 

26,600 

133x200 

Am2932 

521 

26,600 

133x200 

Am2940 

415 

32,037 

177x 181 

Am2942 

415 

32,037 

177x181 

Am2946 

18 

6141 

69x89 

Am2947 

18 

6141 

69x89 

Am2948 

18 

6141 

69x89 

Am2949 

18 

6141 

69x89 

Am2950 

175 

14,766 

107x138 

Am2950A 

In development | 

Am2951 

175 

14.766 

107x138 

Am2951A 

In development j 

Am2952 

102 

14,873 

107x139 

Am2952A 

In development | 

Am2953 

102 

14,873 

107x139 

Am2953A 

In development | 

Am2954 

50 

7968 

96x83 

Am2955 

50 

7968 

96x83 

Am2956 

50 

7854 

66x119 

Am2957 

50 

7854 

66x119 

Am2958 

10 

5369 

59 X 91 

Am2959 

10 

5369 

59x91 

Am2960 

450 

13,056 

102x128 

Am2960A 

In development | 

Am2961 

82 

8874 

102x87 

Am2962 

74 

8874 

102x87 

Am2964B 

170 

22,308 

156x143 

Am2965 

10 

5640 

94x60 

Am2966 

10 

5640 

94x60 

Am2968 

In development 

Am2969 

In development 

Am2970 

In development 

Am29112 

In development 

Am29116 

2500 

78,061 

251x311 

Am29116A 

In development | 

Am29203 

752 

36,808 

172x214 

Am29501 

1000 

64,158 

289 X 222 

Am29510 

In development | 

Am29516 

2100 

55,500 

250 X 222 

Am29516A 

In development | 

Am29517 

2100 

55,500 

250 X 222 

Am29517A 

In development j 

Am29520 

362 

15,327 

117x131 

Am29521 

362 

15,327 

117x131 

Am29526 

N/A 

N/A 

N/A 

Am29527 

N/A 

N/A 

N/A 

Am29528 

N/A 

N/A 

N/A 

Am29529 

N/A 

N/A 

N/A 

Am29540 

1125 

N/A 

N/A 

Am29705 

258 

13,056 

102 X 128 

Am29705A 

206 

9984 

104x96 

Am29707 

207 

9984 

104x96 

Am29803A 

N/A 

N/A 

N/A 

Am29806 

^ ^ ' 

6468 

66 X 98 

Am29809 

42 

6468 

66 X 98 

Am29811A 

N/A 

N/A 

N/A 

Am29818 

152 

11,328 

96x118 

Am29821 

72 

5376 

64 X 84 
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Gate Counts and Die Sizes by Device 


Part Number 


Am29824 

Am29825 

Am29826 


Am29827 

Am29828 

Am29833 

Am29834 

Am29841 

Am29842 

Am29843 

Am29844 

Am29845 

Am29846 

Am29853 

Am29854 

Am29861 

Am29862 

Am29863 

Am29864 


Equivalent Number of Gates 
(Approximate) 


Die Area 

(in Mils^ = .001x.001 in.) 


Die Dimensions 
(in Mils == .001 in.) 


72 

53 

68 

53 

68 

53 


8XXX MOS MPU Support 


Part Number 


Am8120 

Am8127 

Am8163 

Am8167 

Am8212 

Am8216 _ 

Am8224 

Am8226 

Am8228 


Equivalent Number of Gates 
(Approximate) 


84 


5376 

5376 

N/A 

N/A 

In development 
In development 
5376 
5376 
5376 
5376 
5376 
5376 

In development 
In development 
N/A 
N/A 

n7a 

n7a 


Die Area 

(In Mils^==.001x.001 in.) 


Die Dimensions 
(In Mils = .001 in.) 


80 X 111 


98 X 88 


185x156 


185x 

156 

91 X 

112 

66 X 

90 

85 X 

8^ 

66 X 


IlOx 

Tie 


Package Materiai Configurations 


Multilayer Ceramic 


Brazed Packages 


Chip Carrier 


Package Body Material 
Die Attach Pad Metallization 


Die Attach Material 


Die Attach Temperature 

Bond Finger Metallization 
Bonding Wire 
Bonding Method 
Seal Ring Metallization 


Seal Temperature 

Seal Ambient 
Lead Material 


Ceramic 


Cerdip 

Plastic 


90% Alumina (Min) 


90% Alumina (Min) 

Gold 


Gold 

Gold/Silicon 


Gold/Silicon 

440“C Max 


440“C Max 

Gold 


Gold 

Aluminum/1 % Silicon 


Aluminum/1% Silicon 

Ultrasonic 


Ultrasonic 

Gold 


Gold 

r«iH/Tir, Lead/Tin/ 

Gold/Tin 


Gold/Tin 

Alloy 42 Alloy 42 

(Gold Plated) (Tin Plate( 


Alloy 42 (Gold Plated) 

370X Max 

\ 

370**C Max 

Nitrogen 


Nitrogen 

Alloy 42 


N/A 

Gold iTin 


N/A 


90% Alumina (Min) 

Silver 

Palladium 


440'’C Max 

Aluminum 
Aluminum/1% S 


Ultrasonic 

None 

Vitreous Glass 


Novolac Epoxy 
Gold f 


440X Max 

Gold or Silver 
Gold 


Ball-bonding 

’ n7a 


175X Max 
(Mold Temperature) 


Silver 

Epoxy 

200'’C 

(Curing Temp) 
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Thermal Characterization of Packaged Devices 

APPLICATION NOTE 
by J.L Hayward 


DEFINITION OF THERMAL RESISTANCE 

The reliability of an integrated circuit is largely dependent 
on the maximum temperature which the device will attain 
during operation. Because the stability of a semiconductor 
junction declines with increasing temperature, knowledge 
of the thermal properties of the packaged device becomes 
an Important factor during device design. In order to 
increase the operating lifetime of a given device, the 
junction temperatures must be minimized. This demands 
knowledge of the thermal resistance of the completed 
assembly and specification of the conditions in which the 
device will function properly. As devices become both 
smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 

Thermal resistance is defined as the temperature rise per 
unit power dissipation above some referenced condition. 
The unit of measure Is typically °C/watt. The relationship 
between junction temperature and thermal resistance is 
given by: 

Tj = Tx + PdR^jx (1) 

where: Tj = junction temperature 

Tx = reference temperature 

Pd = power dissipation 

Rfljx = thermal resistance 

X = some defined test condition 

In general, one of three conditions is defined for measure¬ 
ment of thermal resistance; 


other material properties, thermal conductivity is usually 
temperature dependent. For alumina and silicon, two com¬ 
mon package materials, this dependence can amount to a 
30% variation in thermal conductivity over the operating 
temperature range of the device. The thermal resistance of 
a component is given by 


L 



where: L = length of the heat flow path 

A = cross sectional area of the heat 
flow path 

K(T) = thermal conductivity as a function of 
temperature • 

and the overall thermal resistance of the assembly 
(discounting convective effects) will be: 

R, = ZR^n = 

KpA 


But since the heat flow path through a component is 
influenced by the materials surrounding it, determination of 
L and A is not always straightforward. 

A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


Rejc 


RflJA 

(still air) 
R»ja 

(moving air) 


- thermal resistance measured with respect 
to the temperature at some specified point 
on the package surface. 

- thermal resistance measured with respect 
to the temperature of a specified volume of 
still air. 

- thermal resistance measured with respect 
to the temperature of air moving at a 
specified velocity. 


The relationship between R^jc and R^a is 


R^ja “ Rfljc + R^ca 

Where R^a's a measure of the heat dissipation due to 
natural convection (still air) or forced convection (moving 
air) and the effect of heat radiation and mounting tech¬ 
niques. R^jc is dependent solely on material properties and 
package geometry; R^ja includes the influence of the 
surface area of the package and environmental conditions. 
Each of these definitions of thermal resistance is an 
attempt to simulate some manner in which the package 
device may be used. 


Pd = ^ (Tj-Tx) = ^ (T^-Tx) (3) 


the relationship between and Tj can be more clearly 
seen. Thus, to dissipate a greater quantity of heat for a 
given geometry, Tj must Increase and, since the individual 
R^ will also increase with temperature, the increase In Tj 
will not be a linear function of increasing power levels. 

A third factor of concern Is the quality of the material 
Interfaces. In terms of package construction, this relates 
specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of 
the die attach bond will most severely influence the 
package thermal resistance as this is the area which first 
impedes the transfer of heat out of the silicon die. Indeed, it 
seems likely that the initial thermal response of a powered 
device can be directly related to the quality of the die attach 
bond. 

EXPERIMENTAL METHOD 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component 
materials and the geometry of the heat flow paths. Like 


The technique for measurement of thermal resistance 
involves the identification of a temperature-sensitive pa¬ 
rameter on the device and monitoring this parameter while 
the device is powered. For bipolar integrated circuits the 
forward voltage of the substrate isolation diode provides a 
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convenient parameter to measure and has the advantage 
of a linear dependence on temperature. MOS devices 
which do not have an accessible substrate diode present 
greater measurement difficulties and may require simula¬ 
tion through use of a specially designed thermal test die. 
Choice of the parameter to be measured must be made 
with some care to insure that the results of the measure¬ 
ment are truly representative of the thermal state of the 
device being investigated. Thus measurement of the sub¬ 
strate Isolation diode which Is generally diffused across the 
area of the die yields a weighted average of the condition of 
the Individual junctions across the die surface. Measure¬ 
ment of a more local source would yield a less generalized 
result. 

For those MOS devices for which no useful parameter is 
available, simulation is accomplished using the thermal test 
die. The basis for this test die is a 25 mil square cell containing 
an isolated diode and a 1K^2 resistor. The resistors are 
Interconnected from cell to cell on the wafer before it is cut 
into multiple arrays of the basic unit cell. In use the device is 
powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the Individual diodes is 
monitored as in the case of actual devices. 

Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1mA current level at two 
different temperatures. The diode calibration factor is then: 


T 2 -T 1 _ AT 
V2-V1 ” ^ 


(4) 


in units of ®C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


The actual thermal resistance measurement has two alternat¬ 
ing phases: measurement and power on. (See Figure 1.) The 
device under test is pulse powered with an ON duty cycle of 
99% and a repetition rate of < 100Hz. During the brief OFF 
states the device is reverse-biased with a 1 mA current and the 
voltage drop Is measured. The series of yoltage readings are 
averaged over short periods and compared to the voltage 
reading obtained before the device was first powered ON. The 
thermal resistance is then computed as: 


K<(Vf-Vi) ^ 1^ 

VhIh P 


where: Kf = calibration factor 

Vj = initial forward voltage value 
Vt = current forward voltage value 
Vh = heating voltage 
Ih - heating current 

The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 

When the end result desired Is R^ja (still air), the device and 
the test fixture (typically a standard bu.m-in socket) are 
enclosed In a box containing approximately 1 cubic foot of air. 
For R^jc measurements the device is attached to a large metal 
heatsink. This Insures that the reference point on the device 
surface Is maintained at a constant temperature. Through the 
use of heaters attached to the metal fixture, the "case" 
temperature may be maintained at any specified value above 
ambient. The requirements for measurement of R^ja (moving 
air) are rather more complex. They involve the use of a small 
wind tunnel with capability for monitoring air pressure, temper¬ 
ature and velocity in the area immediately surrounding the 
device tested. Standardization of this last test requires much 
careful attention. 


Figure 1. Waveforms for Pulsed Thermal Resistance Test 
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THERMAL CHARACTERIZATION DATA FOR 
CERDIPS^ 



Width 

(Inches) 

Approximate 
RdjA Range 
(“C/W) 

Approximate 
Rdjc Range 
(X/W) 

16 

0.300 

66-89 

22 

20 

0.300 

68-78 

N/A 

24 

0.300 

56-57 

13-14 

24 

0.600 

49 

11 

28 

0.600 

29 

N/A 

40 

0.600 

36-37 

7-9 


THERMAL CHARACTERIZATION DATA FOR 
SIDE-BRAZE AND TOP-BRAZE PACKAGES^ 


Lead 

Count 

Type 

Approximate 
RfljA Range 
(X/W) 

Approximate 
R^jc Range 
(X/W) 

mm 

Side-Braze 

27-35 

6-7 

mm 

SIde-Braze 

37 

10 


Top-Braze with 
Heat-Spreader 

19 

4 


Top-Braze with 
Heat-Spreader 

20 

7 


THERMAL CHARACTERIZATION DATA FOR 
PLASTIC DIPs^ 


THERMAL CHARACTERIZATION DATA FOR 
LEADLESS CHIP CARRIERS (JEDEC TYPE C)' 


Lead 

Count 

Width 

(inches) 

Approximate 
R^ja Range 
(X/W) 

Approximate 
Rfljc Range 
(X/W) 

16 

0.300 

110 * 

N/A 

20 

0.300 

81-123* 

32* 

24 

0.600 

99-115* 

43-57* 

28 

0.600 

85* 

N/A 

40 

0.600 

62-73* 

27-34* 


*ln 1983 AMD introduced copper-lead>frame versions of 
all plastic packages. The copper-lead-frame versions 
have better thermal characteristics than the current 
plastic packages measured above. 


Lead 

Approximate R^ja 

Approximate R^jc 

Count 

Range (X/W) 

Range (X/W) 

20 

66-72* 

N/A 

28 

69* 

N/A 

44 

52-57* 

N/A 

52 

44* 

N/A 


*The RfljA values listed for leadless chip carriers were 
measured with the chip carriers mounted in the 
appropriate burn-in sockets. This restricts convection 
of heat from the package and results in d values higher 
than might be expected in actual use. 


THERMAL CHARACTERIZATION DATA FOR 
CERPAKS AND FLATPACKS^ 


Lead 

Count 

Type 

Approximate 
R^a Range 
(X/W) 

Approximate 
Rwc Range 
(X/W) 

16 

Cerpak 

113-169 

10-17 

20 

Cerpak 

119 

N/A 

24 ' 

Cerpak 

99 

8 

42 

Brazed 

Flatpack 

63 

8 


Note 1. This data, while derived from actual measurements done on specific packaged devices, is only 

approximate and cannot be guaranteed because of the wide variation of die sizes and device power 
levels. 
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Package Outlines 


METAL CAN PACKAGES 


REFERENCE 1 I] 

PLANE t -t—| l—. 

SEAtLo f 

D I 

.045 

, 021 I .185_ 


45 BSC - 


r-i 


SEATING f Jl 

PLANE / O’® 

.0^1 h—i 






reference * 

PLANE 


.021 ^ .390 ^ 

* * I’O* ' .090 

/loo 0-\—4-J- 

/ 03 7 0-\—i- » 


\ ,024 V 01 9C 


Note. Standard lead finish is bright acid tin plate or gold plate. 
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MOLDED DUAL IN-LINE PACKAGES (Cont.) 


P-14-1 


P-16-1 


Tl'^ 8 




, 1 ^ 


D 




.010 

.040 



P0000801 


P-18-1 P-20-1 




P-22-1 


P-24-1 
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Package Outlines 


MOLDED DUAL IN-LINE PACKAGES (Cont.) 


P-28-1 


P-40-1 



Note. Standard lead finish is tin plate or solder dip. 


HERMETIC DUAL IN-LINE PACKAGES 


D-8-1 



.370 



• :406' 

1-1 1-1 1-1 

r~~i 

T 

.240 > 
.310 , 

n 

s 

11 

L-_ 

4 



D-8-2 



D-14-1 


D-14-2 
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HERMETIC DUAL IN-LINE PACKAGES (Cont.) 
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FLAT PACKAGES (Cont.) 


F-14-2 



fi} 

(Q 

(D 

o 

c 


3 

<D 

(0 


P0000930 


P0000920 


F-16-2 



.920 


.015 

.019 „_JOO_J 

.980 

L,_ .245 _^ 

.285 

1 

t 

t- 

1_ 

.045 ^- 

• 1 16 

.370 

.400 

-3 410 

-1 MAX. 

.056 '- 

8 9 


t 

.003 

.006 

-i—■ 

_.305 

MAX. 

1 0^5 

.085 ,010 

1 -WO 


P0000910 


P0000900 


Note: Notch is pin 1 index on cerpack. 


F-22-1 



j~~ .040 

t 

P0000880 



P0000890 
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Ordering information 


All Advanced Micro Devices' products listed are stocked 
locally and distributed nationally by Franchised Distributors. 
See back of this book for the location nearest you. Please 
consult them for the latest price revisions. For direct factory 
orders, call local AMD Sales Office or Sales Representa¬ 
tive. See the back of this book for the location nearest you. 


Proprietary Product Ordering, Package and 
Temperature Range Codes 

The following scheme is used to identify Advanced Micro 
Devices' proprietary products. 


Minimum Order 

The minimum direct factory order is $100.00 for a standard 
product. The minimum direct factory order for burn-in 
product is $250.00. 


Am29517 D 


Device Type 


Package 

Style 


C 




Additional 

Processing 


Temperature 

Range 


Package Style 

D - Hermetic DIP 
F - Flat Package 
P - Molded DIP 
L - Leadless Chip Carrier 
X - Dice 


Temperature Range 

C - Commercial 
OX to + 70X 
M - Military 

-55X to + 125X 


Additional Procedures 

Blank - Standard processing 
B - Burn-In 


Second Source Product Ordering, Package 
and Temperature Range Codes 

An order number and marking system identical to the 
original manufacturer's is used for the Advanced Micro 
Devices' pin-for-pin and electrically equivalent circuit. 


The following example is the ordering scheme for Ad¬ 
vanced Micro Devices' second source to Texas Instru¬ 
ments' products. 


Temperature 

Range 


SN 74 


S374 


N 




Additional 

Processing 


Device 

Type 


Package 

Style 


Package Style 


Temperature Range Additional Processing 


J - Hermetic DIP 
N - Molded DIP 
W-Flat Package 
X - Dice 


C - Commercial B - Burn-in 

OX to + 70X 
M - Military 

-55X to -I-125X 
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U.S. AND CANADIAN SALES OFFICES 


NORTHEAST AREA 

Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617)273-3970 

Advanced Micro Devices 
(Canada) Ltd. 

2 Sheppard Avenue East 
Suite 1610 
Willowdale, Ontario 
Canada M2N5Y7 
Tel: (416)224-5193 

Advanced Micro Devices 
(Canada) Ltd. 

AMD 

4019 Carling # 301 
Kanata, Ottawa 
Canada K2K2A3 

Advanced Micro Devices 

290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315)457-5400 

MID ATLANTIC AREA 

Advanced Micro Devices 

Gateways 

1000 Woodbury Road 
Woodbury, New York 11797 
Tel: (516) 364-8020 
FAX: 516-496-3756 

Advanced Micro Devices 

Waterview Plaza, Suite 303 
2001 U.S: Route #46 
Parsippany, New Jersey 07054 
Tel: (201) 299-0002 

Advanced Micro Devices 

110 Gibralter Road #110 
Horsham, Pennsylvania 19044 
Tel: (215)441-8210 
TWX: 510-665-7572 

Advanced Micro Devices 

Commerce Plaza 
5100 Tilghman Street, Suite 320 
Allentown, Pennsylvania 18104 
Tel: (215) 398-8006 
FAX: 215-398-8090 


Advanced Micro Devices 

205 South Avenue 
Poughkeepsie, New York 12601 
Tel: (914)471-8180 
TWX: 510-248-4219 

Advanced Micro Devices 

10 Main Street South 
Southbury, Connecticut 06488 
Tel: (203) 264-7800 

Advanced Micro Devices 

7223 Parkway Drive #203 
Dorsey, Maryland 21076 
Tel: (301) 796-9310 
FAX: 796-2040 

SOUTHEAST AREA 

Advanced Micro Devices 

4740 North State Road #7 
Suite 202 

Ft. Lauderdale, Florida 33319 
Tel: (305)484-8600 

Advanced Micro Devices 

15351 Roosevelt Boulevard #201 
Clearwater, Florida 33520 
Tel: (813) 530-9971 

Advanced Micro Devices 

478 Ballard Drive #14 
Melbourne, Florida 32935 
Tel: (305) 254-2915 
FAX: 305-254-2993 

Advanced Micro Devices 

701 East Altamonte Drive 
Altamonte Springs, Florida 32701 
Tel: (305) 834-3333 

Advanced Micro Devices 

15 Technology Parkway #200 
Norcross, Georgia 30092 
Tel: (404) 449-7920 

Advanced Micro Devices 
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Woodlawn Road 
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Advanced Micro Devices 

303 Williams Avenue Southwest 
Suite 118 

Huntsville, Alabama 35801 
Tel: (205) 536-5505 


Advanced Micro Devices 

6501 Six Forks, Suite 150 
Raleigh, North Carolina 27609 
Tel: (919) 847-8471 

MID AMERICA AREA 

Advanced Micro Devices 

500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 
Tel: (312)773-4422 

Advanced Micro Devices 

5726 Professional Circle #205G 
Indianapolis, Indiana 46241 
Tel; (317) 244-7207 

Advanced Micro Devices 

9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 

Advanced Micro Devices 

3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614) 891-6455 

Advanced Micro Devices 

16985 West Blue Mound Road, Suite 201 
Brookfield, Wisconsin 53005 
Tel: (414) 782-7748 
FAX: (414) 782-8041 

NORTHWEST AREA 

Advanced Micro Devices 

1245 Oakmead Parkway 
Suite 2900 

Sunnyvale, California 94086 
Tel: (408) 720-8811 

Advanced Micro Devices 

One Lincoln Center, Suite 230 
10300 Southwest Greenburg Road 
Portland, Oregon 97223 
Tel: (503) 245-0080 

Advanced Micro Devices 
Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 

Bellevue, Washington 98004 
Tel: (206)455-3600 


MID-CALIF AREA 

Advanced Micro Devices 

360 N. Spulveda, Suite 2075 
El Segundo, California 90245 
Tel: (213) 640-3210 

Advanced Micro Devices 

21600 Oxnard Street, Suite 675 
Woodland Hills, California 91367 
Tel: (213) 992-4155 

SOUTHERN CALIF AREA 

Advanced Micro Devices 

5000 Birch Street 
Suite 6000 

Newport Beach, California 92660 
Tel: (714) 752-6262 

Advanced Micro Devices 
9619 Chesapeake Drive #210 
San Diego, California 92123 
Tel: (619) 560-7030 

MOUNTAIN WEST AREA 

Advanced Micro Devices 

14755 Preston Road, Suite 700 
Dallas, Texas 75240 
Tel: (214) 934-9099 

Advanced Micro Devices 

8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 
Tel: (512) 346-7830 

Advanced Micro Devices 

2925 Briar Park #410 
Houston, Texas 77042 
Tel: (713) 785-9001 

Advanced Micro Devices 

1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel: (303) 691-5100 

Advanced Micro Devices 

40 W. Baseline Road #206 
Tempe, Arizona 85283 
Tel: (602) 242-4400 

Advanced Micro Devices 

1955 W. Grant Road #125 
Tucson, Arizona 85745 
Tel: (602) 792-1200 


INTERNATIONAL SALES OFFICES 


BELGIUM 

Advanced Micro Devices 

Belgium S.A. - N.V. 

Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 
Tel: (02) 771 99 93 
TELEX: 61028 
FAX: 7623712 
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